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The 619th Lecture to be read before the Royal Aeronautical Society since 
its foundation on January 12th, 1866. 


PROCEEDINGS. 


A meeting of the Royal Aeronautical Society was held on Thursday, March 
11th, 1937, in the Lecture Hall of the Royal Society of Arts, when a paper on 
‘* Airscrew Blade Vibration ’’ was read by Major B. C. Carter, M.I.Mech.E., 
F.R.Ae.S., A.R.C.Se., D.I.C. In the chair, Mr. H. E. Wimperis, President of 
the Society. 

The PRESIDENT: Before calling upon the lecturer, he desired to welcome in 
the name of the Society the new Director of Scientific Research, Mr. D. R. Pye, 
who had entered upon his new duties at, he feared, a rather burdensome time. 
He wished to convey to him the good wishes of the Society for happiness and 
prosperity in his new work. 

The lecture of the evening was to be delivered by Major B. C. Carter, with 
whom the speaker had been associated for very many years. Major Carter had 
been a member of the Society since 1920, and in his work at the Royal Aircraft 
Establishment, on the engine side, he had made himself an acknowledged expert 
on some of the most difficult aspects. Of one of those aspects, namely, airscrew 
blade vibration, he was going to speak that evening. 


AIRSCREW BLADE VIBRATION. 
By Major B. C. Carter, M.I.Mech.E., F.R.Ae.S., A.R.C.Sc., D.I.C. 


SUMMARY OF PAPER. 


During development of solid metal airscrews in the U.S.A. many vibration 
failures occurred and various investigations have been made there and elsewhere 
with a view to Overcoming such troubles. The problem is to avoid airscrew 
failures while keeping weight as low as possible; its solution involves mathe- 
matical analysis, further development of experimental methods, and investiga- 
tions in relation to particular combinations of engine and airscrew. 

Coming to the subject as an extension of crankshaft torsional vibration 
investigations, the author, in association with his colleagues at the Royal Aircraft 
Establishment, has made extensions in the mathematical treatment which serve 
to clarify ideas concerning the modes of vibration that may occur and also to form 
anew basis for experimental investigation. The essentials of this treatment are 
described in the paper, to which there is an appendix giving a brief mathematical 
examination of flexural vibration of elastically encastred blades. 

The results of some vibration experiments on a stationary magnesium airscrew 
are given and comparison is made with the results of theoretical investigation. 
Also, a new experimental technique is described whereby photographic records 
may be obtained of blade-tip vibration relative to the hub in flight. An interesting 
feature of this method is that a flash lamp bulb is secured to the blade-tip to 
form a light source. So far, records have been obtained on the hangar only ; some 
results of analysis are given. 

Variants of a new device for exciting linear and torsional vibrations are 
described, which are characterised by the magnitude of excitation at any frequency 
being capable of adjustment during running. 

In conclusion the author expresses his thanks to the Air Ministry for permission 
to read the paper and states that he is solely responsible for opinions expressed. 
He also expresses his indebtedness to colleagues who have assisted him, and in 
Particular to Messrs. Morris, Caygill, Postlethwaite and Butcher. 
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1. INTRODUCTION. 

During development of solid metal airscrew blades in the U.S.A. many vibra- 
tion failures occurred and various investigations have been made there, and in 
other countries, with a view to overcoming such troubles. Fig. 1 is a photograph 
showing some typical failures; this has been reproduced from an American 
paper (1). 

Blade failures may be separated generally into two categories; fracture near 
the tip and fracture near the root; failures of the former type are much less likely 
to cause disaster than the latter. 

In this country, failures have been comparatively few, but sufficiently alarming, 
and it is clearly important that a right understanding of the conditions which 
produce such failures shall be attained; this is rendered the more urgent by the 
increasing power of aero engines and by the increasing use of metal airscrews. 
The problem is to avoid airscrew failures while keeping weight as low as possible ; 
its solution involves mathematical analysis, further development of experimental 
technique, and investigations in relation to particular combinations of engine and 
airscrew. 


Fig. 1. 


Typical propeller blade failures caused by vibration. 


Airscrew blade vibration demands study also in relation to its effects on the 
vibration in the engine system and some attention will be given to this matter. 

The subject of airscrew blade vibration is, of course, not new and there is now 
a considerable literature (see Bibliography). 

Coming to the subject from the engine end as an extension of torsional vibration 
investigations, I found what I believe to be important gaps in the treatment and, 
with the assistance of colleagues at the Royal Aircraft Establishment, I have 
made attempts to fill these; features of this work are as follows :— 

(i) As regards mathematical treatment— 

(a) The airscrew and the shaft to which it is attached are treated as com- 
prising one elastic system; not as two separate systems. 

(b) Mean inclination of airscrew blade to plane of rotation is taken into 
account instead of being taken to be zero. 

(c) Edgewise vibration of the blade is taken into account. 
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(d) Mathematical solutions for harmonic vibration of the system are given 
in respect of prismatic blades and of a particular mathematical form of 
tapered blade. 

(ii) As regards experimental methods— 

(a) Records of blade-tip vibration relative to the hub have been made under 
running conditions on an engine with apparatus which is adapted for use 
in flight. 

(b) Variants of a new device for exciting linear and torsional vibrations are 
described which are characterised by the magnitude of the excitation at 
any frequency being capable of adjustment to any value from zero to the 
maximum, while operating. A noteworthy application is to the testing 
of airscrews on a spinning plant with a harmonically varying driving 
torque. 

\lthough the mathematical treatment is necessarily based upon blade forms 
which differ considerably from actual airscrew blades, it has been found that the 
results are of the right order of magnitude and that the outcome of such treat- 
ment sheds much light on the dynamics of blade vibration; moreover, the treat- 
ment indicates what experiments should be made to obtain further elucidation, 
and it provides a rational basis for interpreting both experimental observations 
and general experience of airscrew blade failures. 

In dealing with these matters, I shall examine first the outcome of theoretical 
analysis of the vibration of non-rotating blades of uniform section attached to a 
simple fly-wheel system, then make a corresponding examination in respect of 
blades of tapering section. Following this the vibration of actual airscrew blades 
will be discussed, including the effects of rotation. Experimental methods of 
investigating blade vibration will then be described. 

A brief mathematical examination of flexural vibration of elastically encastred 
blades is given in an appendix to the paper. 


2. FLEXURAL VIBRATION OF BLADES OF UNIFORM Cross-SrcTION. 
Such blades will be referred to as prismatic blades, as twist will be ignored and 
every form of section has prismatic equivalents. 


FIG. 2. 


2.2. The simple system shown in Fig. 2 will first be examined. It comprises 
a lath of uniform section secured at its centre to an elastic shaft which has a 
fly-wheel attached. The lath is set normal to the shaft with its broad section 
along the shaft axis. The two halves of the lath will be referred to as blades, 
and the point of attachment will be called the hub. 

Vibrations will be considered which do not involve bending of the shaft or 
continuous shaft rotation. Displacement forms in space for the blades are shown 
in Fig. 3 for various modes of vibration. These have been plotted from equation 
(10) of the Appendix. 
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Curve (a) represents fundamental vibration of extremely low frequency with a 
node in the shaft so remote from the hub that blade deflection in space is nowhere 
sensibly different from that due te the angular displacement a,, at the hub centre. 

For curve (b), the vibration is fundamental with a node in the shaft near the 
hub. Here, for points away from the hub, the greater part of the blade displace- 
ment in space is due to bending of the blade in the direction of ay. 

For curve (c), the node is at the hub and each blade has the form of funda- 
mental vibration for a built-in cantilever. Where the constraint exerted at the 
hub is an oscillating torque, the two blades swing together in the same rotational 
sense, as indicated by the full line; where the constraint is an oscillating force 
at the hub, the two blades swing together in the same lateral sense. The latter 
motion is not examined in this paper. 


FIG. 3. 

Deflection curves for lath-shaft system in vibration. 

(The chain dotted curves relate to blades tapering in a 

particular way. The other curves are for blades of 
prismatic form.) 


Curve (d) represents fundamental vibration where the node has travelled out of 
the shaft to positions N in the blades. Blade deflection relative to root direction 
is in the sense opposite to a, and for points away from the hub the blade 
displacement in space is mainly due to bending. 

Curve (e) represents the vibration form when the single node in each blade has 
reached its extreme outward position. This is the freely hinged case, and is 
given by making the shaft infinitely flexible. Here there is a point of inflexion 
at the hub, so that the blade root bending moments are zero. The vibration 
may be regarded as being the first overtone of that shown by curve (a). 
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Curve (f) represents vibration which is the first overtone of that shown in 
curve (b). Here again there is a node in the shaft near the hub. Similarly 
curves (g), (h) and (j) represent first overtones of the vibrations of curves (c), 
(d) and (e), respectively; the same sequence of changes occurs with an extra 
node in the blades. The series repeat indefinitely with increasing numbers of 
nodes as the frequency taken is increased. For any one frequency there is only 
one possible mode of vibration and for the system to vibrate naturally in this 
mode an appropriate fly-wheel (or fly-wheels) must be attached to the shaft. 


The relationship between frequency and node position for a particular lath is 
shown graphically in Fig. 4. Here, node position in the shaft is represented as 


p 
3500 
| 
RD oveRto™ 

|_ 3000 _ _| 
-------4-----. —-4- 
2500 

SHAFT H 

BLADE | 

VIEWED 

FROM TIP | 

5 2000} - ROM 

2 
= S 780 


FREQUENCY PER 
\ 
| 


TOPONT 
Ist. OVERTONE 17635 | 
| TOPOINTCo 
2 | 
aig” cuNDAMENTAL— 
— 
30]00 2000 1000 H -1000  —-2000 -3000 


@ FLEXIBILITY FROM HUB TO NODE IN SHAFT 
(MIGRORADIANS PER POUND -INGH.) 


FIG. 4. 


Frequency curves for prismatic wooden blades on shaft set along 
the shaft direction as shown. Blade length L=72 inches; 
blade thickness t=0.305 inch. Young’s modulus E=1.6 million 
pounds per square inch ; density p=o.c19 pounds per cubic inch. 
The frequency in any one blade mode is proportional to 
(t/L*) /(E/p). 


torsional flexibility between hub and node. It will be seen that, to the right of 
the hub, negative flexibilities are plotted; this strange procedure was suggested 
by the mathematics, and its justification will appear a little later when the effects 
of fitting a fly-wheel or series of fly-wheels to the shaft are examined. Mean- 
while the peculiar character of the curves should be noted and it may be mentioned 
in passing that: however the blade section may vary along the length, a corre- 
sponding family of curves of the same general type applies. Thus we can obtain 
an insight into airscrew blade vibration by examining the behaviour of blades 
of prismatic form; this is fortunate because the dynamic analysis for this form 
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has yielded solutions in terms of known mathematical functions—circular and a 
hyperbolic (see Appendix). The effects of blade taper will be discussed later in b 
this paper. V 
The lowest curve in Fig. 4 relates to fundamental vibration and, proceeding V 
from left to right, we get an increasing frequency while passing through the c 
vibration forms shown by curves (a) to (e) of Fig. 3 with corresponding change g 
of node location from remote positions in the shaft to extreme outward position t 
in the blades. The intersection with the ordinate through the hub position gives 
the fixed root frequency because for this ordinate the flexibility between the t 
hub and the node is zero. Similarly, the next curve represents first overtone 
vibration and, again proceeding from left to right, we get an increasing frequency d 
while passing through the vibration forms shown by curves (e) to (j) of Fig. 3, e 
with an extra node travelling along the system as before. And so on for higher ° 


overtones. 
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FIG. 5. 

Frequency curves for prismatic wooden blades set normal to 
shaft direction as shown. Blade length L=72 inches; blade n 
width w=1 inch. Young’s modulus E=1.6 million pounds per t] 
square inch. Density p=0.019 pounds per cubic inch. a 

The frequency in any one blade mode is proportional to 

(w/L*)/ (E/p). a 
The transition between one curve and the next is marked by an asymptote Si 
which signifies infinite flexibility between hub and shaft node and therefore tH 
vibration with a point of inflexion at the hub; the successive asymptotes thus are 0 
located at frequency values which apply to ‘‘ freely hinged ’’ modes of vibration. d 
We will now consider that the fly-wheel shown in Fig. 4 is attached to the I 


shaft; its polar moment of inertia is such that the natural torsional frequency a 
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about a node at any chosen position in the shaft (or in its imagined extension 
beyond the hub with the lath removed) is given by the curve PRSQ. If the lath 
were rigid, its natural frequency about a node at any chosen position in the shaft 
would be that given by the dotted curve, which can be calculated readily. It is 
clear that the natural frequency of the combination of rigid lath and fly-wheel is 
given by the ordinate of R, the point of intersection of the curve PRSQ with 
the dotted curve; also, that this ordinate marks the corresponding node position. 

By similar reasoning it follows that in consequence of the lath being flexible, 
the system has natural modes of vibration represented by each of the intersections 
of the portion PRS of the curve PRSQ with the series of frequency curves 
described; thus we get points C,, C,, etc. It is not obvious, but it has been 
established mathematically, that the points of intersection given by the portion 
of curve PRSQ in the region to the right beyond point S also correspond to 
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natural modes of vibration of the system; there is then no node in the shaft, but 
there is virtually a node in the shaft extension at the corresponding point as far 
as the fly-wheel (and no lath) is concerned. 

If the lath were turned through a right angle, so that the positions of sides 
and edges became interchanged, a similar series of frequency curves would apply 
such that all frequencies are greater in the ratio of the width of the lath to its 
thickness, as shown in Fig. 5. Fig. 6 shows graphically the free hub frequencies 
of laths of different thicknesses in the plane of bending; the width making no 
difference. In calculating these values, Young’s modulus has been taken to be 
1.6 million pounds per square inch, the density as c.o1g pounds per cubic inch, 


and the distance from hub centre to tip as 72 inches. In addition to varying as 
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the thickness, the frequency in any one mode varies as the square root of the 
Young’s modulus divided by the density, and inversely as the square of the 
length. On this basis, the frequencies of Figs. 4 and 5 can be converted to values 
for prismatic rods of any size and elastic material. (It is shown in para. 1 of the 
Appendix that this law of conversion has a broader application.) 

Imagine the shaft shown in Fig. 2 to have no inertia and to be free with no 
fiy-wheel attached, then the various forms of blade vibration described may be 
produced in two ways of particular interest :— 

(a) By oscillating the hub mechanically with simple harmonic motion and 
defined amplitude (i.e., inexorable displacement). 

(b) By applying to the hub, by inertialess means such as electric forces, an 
harmonically varying torque about the shaft axis. 

In each case the shape of the displacement curve in space for a given blade is 
determined by the frequency of excitation alone. In case (a), the amplitude of 
this displacement for any one frequency is strictly determined by the amplitude 


The quantity (kL) is non-dimensional and is proportional to the 

square root of frequency. y is the amplitude of oscillation of 

blade root direction in radian measure; L is blade-tip radius; 

6, is the amplitude of blade-tip oscillation in space. The peaks 

correspond to hinged root vibration; they approximate more and 
more to the value kL as kL increases. 


FIG. 


Relationship between amplitude of hub oscillation and blade-tip 
displacement in space for prismatic blades; the relationship for 
taper blades may be very different as Fig. 3 shows. 


of the motion given to the hub and is proportional to it in the absence of damping 
forces on or in the blade. The relationship between hub movement and blade-tip 
movement, for prismatic blades, is shown as a graph in Fig. 7; criticals occur 
at the natural fixed-root frequencies and the peak amplitudes depend upon 
damping. 

In case (b), when the frequency of excitation corresponds to a ‘‘ freely-hinged ” 
mode of vibration (illustrated by (a), (e), (7) of Fig. 3), the hub motion gets into 
step with the applied harmonic torque and the amplitude builds up to the limit 
imposed by damping. For frequencies of excitation near these values, the ampli- 
tude of motion is large and we get resonance peaks. In the absence of damping, 
when the frequency of blade excitation corresponds to one of the fixed-root 
frequencies (illustrated by (c) and (g) of Fig. 3), the blades flex out of step with 
the applied harmonic torque and settle down to the amplitude of motion for which 
the sum of the maximum blade root bending moments is equal to the maximum 
of the applied torque; the motion is thus controlled and for any one fixed-root 
mode its amplitude is proportional to the magnitude of the applied harmonic 
torque. The relationship of Fig. 7 applies to case (b) as well as to case (a). 
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When each blade face is inclined to the shaft direction at an angle ,* 
sea te hub oscillates about the shaft axis with amplitude a,, the amplitude of 
blade root direction in respect of vibration normal to the face is a, cos 8, and 
the corresponding quantity in respect of edgewise vibration is a,, cos (8,—1/2). 
For a given frequency of hub oscillationswe get two superposed vibrations, each 
of a character which is determined by this frequency irrespective of the value 
of 8,. One of these is normal to the face and is controlled in magnitude in 
accordance with Fig. 7 by root amplitude a,, cos B,; the other is edgewise and is 
controlled in magnitude in accordance with Fig. 7 by root amplitude 


a, COS 
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FIG. 8. 
Frequency curves for prismatic wooden lath on shaft and at 
67.7° to the shaft as shown. Blade length L=72 inches; blade 
thickness t=0.305 inch. Young’s modulus E=1.6 million 
pounds per square inch; density p=o.019 pounds per cubic inch. 
The frequency in any one blade mode is proportional to 


(t/L?)/ (E/p). 


In order to link up with a fly-wheel system, a graph corresponding to Figs. 4 
and 5 is required in respect of the particular value selected for 8, and for the 
tatio of blade width to thickness. This is obtained from the consideration that 
if F, denote the flexibility from hub to shaft node, a,,/F, is the amplitude of torque 
oscillation in the shaft and this must be equal to the sum of the maximum blade 
toot bending moments for the vibration normal to the face resolved about the 
shaft axis, plus the corresponding quantity for edgewise vibration. 


* There is then discontinuity at the blade root—which is still taken to be at the shaft axis. 
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At any selected frequency, let R, and R, denote the blade root bending moment 
maxima per unit amplitude of blade root oscillation in the appropriate direction 
(i.e., normal to the face and edgewise, respectively). The respective maximum 


PIG. 9. FIG. 1c. 


root bending moments are a,,f, cos 8, and a,R, cos (8,—2/2). By resolving 
about the shaft axis, we ge the following equation :— 

cos? cos? (8,—2/2)= —a,/mF, (1 
where m is the number of ae. the minus sign on the aii is seen iced to 
suit the conventions adopted as regards signs. It will be noted that a,, cancels 
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out. For a given blade form, R, and R, are functions of frequency* and thus 
equation (1) gives F, in terms of frequency. The corresponding graph for the 
blade already considered set at 8,=67.7° is given in Fig. 8. Comparing this 
with Figs. 4 and 5, we see that while it has the same general character, the 
component curves are more crowded; two extra curves are interspersed within 
the same frequency range which cut the ordinate at the hub at the frequency 
values that correspond to fixed root edgewise vibration. The same fly-wheel 
is shown and the same curve PSQ; the intersections C,, C,, C,,...,etc., give 
the natural frequencies of the complete system, as before. From equation (1) 
it is clear that the asymptotes are given by the condition that the total of the 
resolutes about the shaft of the blade root bending moments is zero, that is at 
frequencies for which :— 
R,= —R, tan? B, 

From Fig. 5 it will be seen that the ratio of blade width to thickness in the 
example taken is a special value such that the first overtone freely-hinged vibra- 
tion edgewise has the same frequency as the second overtone for freely-hinged 
vibration normal to the face, namely, 1,440 pp. min. At this frequency, both 
R, and R, are zero and the above equation is satisfied for all values of £,. 
Simultaneous vibration in these two modes is shown in Figs. g and 10. These 
are photographs of critical vibration of a 60-inch length of streamline wire 
0.86 inch wide by o.215 inch thick, taken edgewise and normal to the face, : 
respectively. The lower end of the wire is fixed into a socket which is freely 
mounted on horizontal trunnions normal to the axis of the wire and inclined to 
the face. Vibration is excited by a small mass which is rotated in the socket 
about an axis parallel to the trunnion axis. The resultant motion of the upper 
end is about 15° to the trunnion axis, that is 75° to the direction of the exciting 
force—which is the horizontal component of the centrifugal force of the rotating 
mass. To a first approximation the condition that R, and R, vanish together 
for these modes was satisfied, and it was found the vibration shown was not 
sensitive to changes of {. 

Reverting to Fig. 8, we will consider the effects of an harmonic exciting torque 
applied to the fly-wheel. In the absence of damping, when the excitation 
frequency is one of the values given by the intersection with the curves of the 
ordinate through the fly-wheel, the fly-wheel will remain stationary and the 
remainder of the system will function as a vibration absorber (in the hypothetical 
case) and the amplitudes of motion will be such as to produce in the shaft an 
harmonic torque variation equal and opposite to the exciting torque. This is a 
delicate condition where there is no energy input as the point of application of the 
torque has no motion; it could hardly be realised at frequencies 1,500 pp. min. 


and above as the intersections C,, C,, ..., etc., have practically identical 
respective frequencies. 
At the frequencies corresponding to points C,, C,, C,,..., ete., the fly-wheel 


oscillates in Opposition to part, at least, of the blade mass and torsional criticals 
occur in the shaft with corresponding blade vibration, the amplitudes obtained 
being conditioned by the damping throughout the whole system. Intersection 
C, represents low frequency vibration normal to the face of type (e), Fig. 3, with 
practically no edgewise vibration. Intersection C, represents a condition where 
R, and R, have opposite signs and the corresponding root bending moment 
resolutes about the shaft are thus in opposition. The significance of this is that 
large root bending moments are associated with moderate torque variations in 
the shaft; this means that there is large vibration of the blades, both normal to 
the face and edgewise, and excitation of the fly-wheel by an harmonic torque of 


corresponding frequency (630 pp. min.) may be expected to cause failure of the 
blades 


*This is general for blades of varying section; the functional relationships for prismatic 
blades are given in para. 2 of the Appendix and those for a particular mathematical 
form of taper blade are given in para. 3 of the Appendix. 
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It is instructive to examine what would happen as regards vibration and 
blade root bending moments in the two-blade system under consideration if the 
fly-wheel were modified in stages to make the curve PSQ pass in succession 
through the points U, V, oo, W and Y on the curves of Fig. 8. By point o& 
is meant the extreme of the asymptote between V and W. Computations have 
been made using equation (1) and the analysis in the Appendix, and the results 
are set Out below. 

As we pass from point U through point V to point o© the opposition between 
the resolved torques for normal and edgewise vibration increases, giving zero 
resultant at point oo. Corresponding to this, the blade root bending moments 
for a given shaft torque increase to infinity while vibration normal to the face 
becomes more pronounced in relation to edgewise vibration. At point W we 
have fixed root vibration normal to the face and no edgewise vibration; the 
maximum root bending moment for each of the two blades (produced by the 
flexing normal to blade face) is 31 per cent. greater than the maximum shaft 
torque—which in turn is conditioned by the magnitude of the forcing torque at 


BLADE TIP DISPLACEMENTS IN SPACE. 
HA=LA, 


the fly-wheel and the damping in the whole system. In the absence of damping 
the vibration would build up indefinitely, so that point W gives a crankshaft 
torsional critical, but within the blade system there exist the condition of the 
“ pseudo critical.’’* 

From this it will be understood that if curve PSQ passed through point EF, on 
the ordinate at H at 331 pp.m. and the fly-wheel were excited harmonically at 
331 pp. min., only edgewise vibration would occur and the hub would remain 
stationary. Like point W, point FE gives a true critical; damping due to blade 
vibration would be different. Similar comments apply in respect of point E, 
(on the ordinate at H at 2080 pp. min.). 

The blade-tip displacements in space corresponding to points UV Woe and Y 
are shown in Fig. 11, from which the sequence of changes can be followed. 


* When a series fly-wheel system is excited at any point by an harmonic torque of frequency 
equal to a natural frequency of the system on one side of the point when this point 
is a node, this part of the system vibrates in opposition to the exciting torque while 
the other part remains quiescent. The condition is sometimes referred to as a 
“pseudo critical ’’; use is made of the phenomenon in the Harmonic Balancer. 
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At point Y, the resolved torques operate together, and it will be seen from the 
quantities given below that this condition holds for points C,, Z, Z’, oo and C;. 

Intersections in the region of the 1440 pp. min. asymptote approximate to 
vibration edgewise of form (e), Fig. 3, and normal to the face, (j) of Fig. 3. 
That these two modes occur together is peculiar to the blade proportions taken 
and the conditions from point C, to point C, are special accordingly. Over a 
wide range, 1410 to 1520 pp. min. the resultant torque about the shaft does not 
exceed 591 a, and a, is relatively large for a given shaft torque variation. In 
the previous table, the resultant torque about the shaft does not fall below 
3620 ay except in the very narrow frequency range 625 to 639 pp. min. 

For points C,, Z, Z' and C%, the root bending moments are mainly edgewise 
and the blade-tip deflection in space is practically in the direction of the face, 
as is shown in Fig. 11. 


3. FLEXURAL VIBRATION OF TAPERED BLADES OF A PARTICULAR IDEALISED Form. 

Prismatic blades have been considered at some length in order to gain concep- 
tions of blade flexing vibration in general. Attention will now be given to the 
tapered blade shown in Fig. 12, which is designated Ba. The differential 
equations of motion, for the vibration of such blades set on a non-rotating shaft 
system at any angle {£,, have been solved by Captain J. Morris (see para. 3 of 
the Appendix). 


Fig. ie. 


IDEALISEO TAPEREO BLaoce (8.2) 


From the solution, Fig. 12a has been obtained for particular conditions as 
follows : 

Blade idealised to correspond approximately to an actual magnesium 
airscrew blade. 

Length from shaft centre to tip=56 inches. 

Chord at root (taken to be at shaft axis) =12.1 inches. 

Thickness at root=1.95 inches. £,=60°. 

Density of material=o.068 lb. /cub. inch. 

Young’s modulus for material=6 x 10° Ib./sq. inch. 

Fig. 12b is a corresponding graph for 8,=—30°. The general similarity 
between Figs. 12a, 12b, and Fig. 8 will be noted, and from the foregoing 
discussion of the behaviour of prismatic blades the significance of Figs. 12a and 
12b may be inferred. 


Intersections of the engine line with the practically horizontal branches indicate 
sharp criticals at which airscrew blade vibration may be large. Intersection p, 
is near the fixed root fequency for fundamental edgewise vibration (represented 
by point FE) and for intersections of the steep portion of the curve in this region 
the blade-deflection is mainly edgewise; with two blades, the amplitude of the 
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corresponding blade-root bending moment differs little from 4 cos 30° times T,, 


the amplitude of the relevant harmonic variation of torque in the shaft, that is, 
from 0.58 T,. Intersections more remote from the rigid airscrew line imply 
greater hub oscillations about the shaft for a given shaft torque, with the 
possibility of large bending stresses away from the shaft axis. An intersection 
above p, on the same branch round the corner would conduce to high edgewise 
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bending moments in the region of N’ on the chain-dotted line* in Fig. 3 (d), as 
the curvature is large in this region and, as the chord is large here, the corres- 
ponding stresses would tend to be high also as such stresses are proportional to 
curvature times thickness in the plane of bending. From (h) and (j) of Fig. 3, 
it may be expected that the development of highest bending stresses due to flexing 


*The chain-dotted lines in Fig. 3 relate to the B2 blade flexing normal to face; for edgewise 
flexing the correct shapes lie between the chain-dotted shapes and its full-line shapes. 
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normal to face in such modes will occur at a point from one-fifth to one-quarter of 
the way from blade tip to centre. There is, of course, no reason why these stresses 
should be greatest at a node: nodes are only important in that they show modes 
of vibration. By comparing Figs. 12a and 12b, it will be noted that changing 
8, from 60° to — 30° has the effect of making the corners of the several branches of 
the graph more rounded (the intersection points with the ordinate at H remaining 
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the same) and the engine line intersections are modified: for example the point 
p, on Fig. 12b is further from the ordinate at H than in Fig. 12a, and the 
corresponding frequency is lower for Fig. 12b. 
The frequencies corresponding to the points p,, p,, p.,..., ete., of Fig. 120 
are shown on Fig. 13, to which further reference will be made later (para. 4). 
The blade-vibration effects of oscillating the shaft direction in relation to blade 
direction correspond to hub oscillation with the blade pitch changed by 90°. 
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Fis. 12b was drawn accordingly in relation to lateral vibration, for which 
critical speeds are given by the intercepts of a line such as that shown in 
the positive region. This matter will not be discussed further here beyond 
drawing attention to Figs. 14 and 15 which show whirling vibration of an engine 
on its mounting, and serve to suggest that such vibration may cause airscrew 
failures by causing practically inexorable oscillatory changes of root direction. 
To obviate airscrew failures, it is becoming general practice to support engines 
on wires for hanger running when metal airscrews are fitted. Whether the 
advantage experienced is attributable to the less rigid support of the engine or to 
the reduction of interference with the slip stream is a moot point which calls for 
further investigation. 

It is hoped that by studying experimental observations on actual blades in the 
light of the foregoing theory a more precise knowledge will be gained of the 
conditions to be avoided to prevent blade failures in flight and during ground 
running. The results of some vibration experiments on a magnesium blade, to 
which the idealised B2 blade just considered approximates, will now be given. 
As the actual blades have twist, qualitative rather than quantitative agreement is 
to be expected, but it will be shown that there is rough quantitative agreement— 
better in respect of some modes of vibration than of others. 


4. STATIC VIBRATION OBSERVATIONS ON A METAL AIRSCREW ATTACHED TO A 
CRANKSHAFT SYSTEM. 

A modified crankshaft of a 450 h.p. single-throw ungeared radial engine was 
mounted in its crankcase with an air driven vibrator clamped to the crank in such 
a manner that the equivalent of an oscillating crank effort was produced. The 
crankcase was secured to an inclined mounting so that the axis of the shaft was 
at 68° to the horizontal, and observations were made in turn with two magnesium 
adjustable-pitch two-blade airscrews fitted. These airscrews will be referred to 
as A and B; the latter design was derived from the former by increasing the blade 
sections. In each experiment the airscrew was set so that the greater part of the 
forward face of one blade was approximately horizontal. The frequency of 
excitation was adjusted to give in turn each of a number of criticals, and node 
positions in the blade were found by sprinkling sand on the horizontal blade. 
The unbalanced masses of the vibrator could be altered to change the applied 
torque for a given frequency: a small unbalance was used for explorations at high 
frequency and a large unbalance for low frequency. 

Observations were made with three different crank-mass polar moments of 
inertia, namely, 1260, 1860, and 2510 Ib./in.*.. The flexibility from hub to crank- 
mass was 0.132 micro-radian per lb.inch: this value was obtained by finding the 
natural torsional frequency of the system with a fly-wheel attached. An optical 
system was arranged so that oscillation of the tail-end of the crankshaft could be 
observed and the amplitude and frequency of blade tip vibration was recorded by 
a camera having a moving film upon which time markings were made at 1/10 
second intervals. An electric circuit, containing a battery and small lamp, was 
employed to determine whether the axial movements of the blade tips were in 
phase or anti-phase: ‘‘ in phase ’’ represents modes of vibration associated with 
torque oscillation in the shaft, and ‘‘ anti-phase ’’ those associated with 
oscillation of shaft direction in the axial plane containing the blades. Figs. 16a 
and 16b show photographs taken of a blade of airscrew A vibrating at various 
criticals: corresponding film records are included which show the amplitude of 
movement normal to the face, in space. 

The results obtained with airscrew B are plotted in Fig. 13, and the frequencies 
calculated for the idealised blade B2 are shown for comparison. The full line 
cross curves correspond to the frequency flexibility curves of Fig. 12a, and they 
indicate that the vibration characteristics of a crankshaft airscrew system are in 
general conformity with those obtained theoretically in respect of idealised systems. 
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rhe cross curve at 5,900 per min. frequency is shown dotted because the corres- 
ponding vibration was of the anti-phase type and was not associated with 
oscillation about the shaft axis. (It will be shown later that this type of vibration 
occurs in type B airscrew when running on an engine.) The large vibration at 
about 7,400 per minute is of a type associated with pronounced oscillation of the 
crank-mass. 

Edgewise vibration was not looked for when blade B was vibrated: the 
fundamental of it occurs in blade A at 12,300 per min. frequency associated with 
marked oscillation of the crank-mass; sand will not remain on the blade when it is 
vibrating in this mode. The calculated fixed-root frequency for fundamental 
edgewise vibration of the Bz blade is 12,250 per minute; this provides a rough 
comparison, but the matter demands further investigation ; experiments in which 
a pure forcing torque is applied would be helpful in this connection. 
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5. Tuk RECORDING OF AIRSCREW VIBRATION ON A RUNNING ENGINE. 

A method has been devised at the Royal Aircraft Establishment for obtaining 
photographic records of blade tip vibration relative to the hub under running 
conditions. Photographs illustrating this method are shown in Figs. 17a and 17). 
The recording unit is a specially designed moving film camera which is secured 
to the front of the hub and which has an adjustable lens and mirror arrangement 
whereby light from a flash lamp bulb secured to one of the blades is focussed on 
to the film. Fore and aft displacements of the lamp relative to the hub traverses 
the focussed spot on the filin, which is 9.5 m.m. wide. The film is operated by 
an electric motor fixed to the front of the camera, and time markings are produced 
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on the film by sparks made in the camera fifty times a second under the control 
of an external tuning fork; signals can be recorded by interrupting the timing. 
At each revolution of the airscrew, a short Iength of the film along one edge is 
exposed to a light set in the plane of the airscrew disc; the markings thus 
obtained serve to give the orders of component vibrations, and in conjunction 
with the time markings give airscrew speeds. The camera will hold thirty feet 
of film, and the film speeds used are one to twelve inches per second. The bulb 
is secured to the blade by means of an adhesive compound. Only one compound 
has been tried so far, namely Chatterton’s, and it has been found that the bulb 
remains secured at the tip of a oft. 4in. diameter airscrew, under condtions of 
severe vibration, up to about 1,600 airscrew r.p.m., which corresponds to a centri- 
petal acceleration of 4,0co g. Ordinary flash lamp bulbs have sufficient life under 


these conditions. The electric leads to the lamp are fine wires set along the 
leading edge under zinc oxide adhesive tape. These methods of attachment 
involve no modification of the airscrew and are attractive for flight use on this 
account. 

Slip ring connections have been made at the front of the camera for test bed 
observations ; slip rings at the back of the hub will be used for obtaining records 
in flight. 

Fig. 17e is reproduced from a record of blade tip vibration of airscrew B 
running on a nine-cylinder ungeared radial engine. The amplitudes and orders 
of vibration will be noted. A large and complex vibration occurs at abou 1,500 
r.p.m., which comprises second order axial vibration and fourth order ecgewise 
vibration; the corresponding ranges of movement are 2} inches and inch, 
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respectively, and, relative to the hub, the blade tip describes a skewed figure of 
eight of this height and width, twice per revolution. 

in Fig. 17e, the extremes of axial vibrational displacement of the blade tip* 
are shown plotted against r.p.m.; the central curve shows the deflection produced 
by thrust. 
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Scale (ins.). 


2 
3 


Fia. 


1,200 T.p.m. 


Scale (ins.). 


* These are relative to the hub, and (in the notation of the Appendix) component vibrations 
correspond to ym sin Bo, that is, to La, cos Bo sin Bo multiplied by (Reciprocal of 
Fig. 7 curve—1). 
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Results of analysis of this and other records are shown in Fig. 17e, where 
frequency is plotted on r.p.m. as base and orders of vibration are given by lines 
radiating from the origin. Resonant vibration of definite orders is indicated by 
the circles. 


6. EFFECT OF ROTATIONAL SPEED ON BLADE FREQUENCY FOR FIXED Root 
CONDITIONS AND VIBRATION NORMAL TO THE PLANE OF ROTATION. 
If f, denote the frequency in any particular mode witlf the blade stationary, and 
fy the frequency in the same mode when the shaft is rotating with frequency N, 
the following relationship holds very closely and very generally : a 
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where C is a constant which depends mainly upon the mode of vibration and 
the distribution of blade mass. Values of C have been suggested by different 
investigators, and a selection of values is tabulated below; some are theoretical 
and some have been obtained by experiment. For the particular case of funda- 
mental vibration in the region for which N/f, lies between 1.5 and a little less 
than unity, Liebers proposes the extended formula :— 
fy? =f.? + 1-43 N?—0.20 N++0.05 N® ; (3) 
Attention has been drawn by J. Morris to the dependence of C upon the direc- 
tion of vibration in relation to the plane of rotation. Some remarks on this 
matter will be made in the next section. 


7. CRITICAL VIBRATIONS FOR THE SYSTEM AS A WHOLE, WHEN ROTATING. 

If the blade setting is 8, the value of the constant C is reduced by the amount 
cos? 8, from the values of para. 6, for i hadenay vibration and by the amount 
sin? 8, for vibration normal to face. (Virtual values for 8, for twisted blades will 
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require to be determined by experiment.) The overtones are less affected by 
this reduction than the fundamental, as for them it is proportionately less. 

Fig. 8 relates to non-rotating conditions; in order to determine how it is 
modified by rotation, it is necessary first to determine how Figs. 4 and 5 are 
modified. Knowledge of fixed-root values of C only enables the new points of 
intersection on the ordinate at H in these figures to be determined; the new 
asymptote positions can be obtained from the hinged root values of C, and a 
method of interpolation is being examined which promises to enable the complete 
curves to be converted. The general effect of rotation is to raise the curves 
corresponding to Figs. 4 and 5, and in the simpler instances, to raise the curves 
corresponding to Fig. 8; the torsional critical speeds of the system are modified 

TIP VIBRATIONS IN AN AXIAL DIRECTION . — 
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in accordance with the change in height of the intersections with the engine line. 
For intersections which remain on practically horizontal branches for a given 
speed change, the change of frequency of the corresponding criticals follows the 
change of frequency for these branches; where intersections with practically 
vertical branches are concerned, the frequencies of the criticals are practically 
unaffected. Graphs such as Fig. 12a for the B2 blade can be treated in the same 
manner. As intersections with the engine line may change from horizontal to 
vertical branches of the curves, or contrariwise, during a speed change, criticals 
that are well apart on graphs such as Figs. 8 and 12a may occur close together 
on a running engine, and vice versa. 

The extent to which the foregoing analysis applies to engines in flight or running 
on the test bed with an airscrew or test fan fitted, re quires to be ascertained by 
experiment. That it gives a true picture of what occurs is indicated by the results 
of the static vibration. experiments described in para. 4, and illustrated in Fig. 13 
and is supported by general experience in making observations of torsional vibra- 
tion, in so far that anomalies have been encountered which could not be resolved 
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on the basis that the airscrew is virtually rigid. For example, as a rule, different 
orders of the same critical (occurring at different engine speeds) have only 
approximately the same frequencies. Again peaks of the same order sometimes 
occur in the speed range such as are not explainable on the rigid airscrew basis by 
there being two modes of vibration; an interesting example of this is given by 
Karl Liirenbaum in Reference 2, where a 6th order resonance peak occurring with 
a test-fan fitted to the engine was replaced by a peak on either side in flight. 
Lirenbaum suggests that the airscrew acts as a vibration absorber; in the terms 
of the foregoing analysis there appears to have been two intersections, such as 
p, and p, in Fig. 12a, with the airscrew fitted, and a single intersection such as », 
with the test-fan fitted. In 1927, when torsiograph observations were being made 
on a certain direct drive 9-cylinder single-throw radial engine, which had its 4} 
order torsional critical in the region of 2,200 r.p.m., a sharp torsional critical 


Fic. 18. 


appeared at 1,550 r.p.m. of oth order. There was no trace of it at 50 r.p.m. on 
either side of this speed. As no rational explanation could be found by considering 
the engine system, the phenomenon was attributed vaguely to airscrew flexibility 
and left to be explained later. Again referring to Fig. 12a, it is quite understand- 
able that there should be a sharp torsional critical of about 50 per cent. greater 
frequency than the main 43 order critical, corresponding to an intersection in the 
region of the letter E,,; this is only a qualitative argument as the airscrews co not 
correspond. 


8. EXPERIMENTAL PRODUCTION OF BLADE VIBRATION TO DETERMINE THE VIBRATION 
CHARACTERISTICS OF THE BLADE OR OF THE WHOLE SYSTEM. 

Of the methods adopted by various authorities, the most satisfactory to use 

where practicable is considered to be to mount the airscrew on the engine for 
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which it is intended, and to vibrate the crankshaft airscrew system by removing a 
cylinder and applying an harmonic impulse along the connecting rod with the 


crank set approximately at right angles to it. 


For research purposes it is desirable 


to make some observations with a pure torque applied to the crankshaft airscrew 


system or to a corresponding adjustable system. 


_ ty, man (1) 
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GENERAL ARRANGEMENT OF AIRSCREW UNIT. 
FIG. 19a 


Whatever method be adopted, it is important that the modes of vibration to 


which the observed criticals relate shall be known with full regard to the constraint 


afforded at the hub. 
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A design of excitor for producing an harmonically varying force is shown in 
Fig. 18. The force is produced by two pairs of rotating unbalanced masses se 
arranged that by operating a phase changing mechanism, the magnitude of 
excitation can be adjusted to any value between zero and maximum while the 
unit is running. 

Fig. 19 shows a rig for examining the vibration characteristics of airscrews 
under non-rotating conditions. It comprises a framework having mounted upon 
it a length of shafting to the upper end of which the airscrew is attached, and to 
the lower end of which there is attached a motor-driven excitor designed to vive 
a pure varying torque. The inclination of the shafting can be adjusted so that 
one blade of the airscrew may be set with its upper face approximately horizontal, 
whatever the pitch setting, and observation of node positions made by sprink|ing 
sand on the blade. The vibrator constitutes a fly-wheel mass to which ass 


PART SECTION AA. 
SECTIONAL ARRANCEMENT OF TORQUE VARIATOR FOR AIRSCREW SPINNINC PLANT. 


FIG. 214. 


additions can be made; the torsional flexibility of connection between vibrator and 
airscrew can be varied by interposing different sections of shafting. A general 
arrangement of the excitor unit is shown in Fig. 19a. Provision is made whereby 
phase changes can be effected readily when the excitor is not in operation, to 
adjust the magnitude of excitation in accordance with requirements. 

Fig. 20 shows apparatus for making experiments on model airscrew blades 
under rotating and non-rotating conditions. The excitor gives pure torque varia- 
tion and is provided with a phase change mechanism whereby the magnitude 
of excitation may be adjusted during running. The fly-wheel mass and the 
flexibility of connection to hub can be altered so that the corresponding effects on 
vibration characteristics can be studied. The blades are scaled down in lateral 
dimensions (as in Reference 3), and a floating blade casing is provided which 
can be sealed if required for damping experiments. 

Turning to the ad hoc investigation of airscrew blade failures occurring after 
a more or less protracted period of use, it would be very helpful to have means of 
reproducing the failures quickly under controlled conditions and to subject blades 
of modified design to the same conditions to obtain a measure of the improvement 
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effected. A step in this direction is illustrated by the arrangement shown in Fig. 21 
for subjecting airscrews to an oscillating torque of controlled amplitude and 
frequency while running on a spinning plant. <A unit for exciting the torque 
variation is connected to the airscrew by a hollow supporting shaft along the 
inside of which the airscrew driving shaft passes. The diameter of the driving 
shait is made small within the hollow shaft (where it can be supported against 
whirling) to provide torsional flexibility and thereby insulate the driving system 


Fig.2e. 
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as much as possible from the vibrating system comprising airscrew, hollow shaft, 
and excitor; this is necessary, as it is not practicable to arrange that there shall 
be a shaft node at the point of connection of the two shafts. 

The arrangement of the excitor unit is shown in Fig. 21a. The driving gears 
are rotated together in either direction relative to the direction of rotation of the 
airscrew : frequency control is obtained by adopting the appropriate relative speed. 
Control of magnitude of excitation is effected by moving the sleeve axially and 
thereby modifying the angular relationship of the two driving gears; the diagrams 
illustrate how this phase change affects the magnitude of the resultant excitation. 
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Although blade fracture should be prevented by frequent inspection, the connection 
between hub and shaft is designed to allow the hub to break away in the even: of 
blade fracture, to minimise damage to the plant. 

From the complexity of the ainscrew vibration problem, it is evident that in 
using such a plant the conditions of operation need to be well understood and 
rationally related to the practical problem associated with any test. Assistance in 
this matter should be given by running the airscrew under torque excitation and 
taking records of blade vibration. If, in addition, flight records of the biade 
vibration be available, the matter of deciding what test conditions to adopt should 
present little difficulty. 


GENERAL COMMENTS. 

Calculations relating to crankshaft torsional vibration are usually based upon 
the assumption that the airscrew is rigid, and, in a general way, this assumption 
has served well. According to theory in which blade-twist is ignored, when 
airscrew flexibility is taken into account, there is a critical near the rigid airscrew 
value, and other criticals in addition. There is experimental support for the 
reality of these additional criticals, but further investigation is needed to estab- 
lish this beyond dispute and to enable the practical importance of such crankshaft 
criticals to be assessed. 

Much work has been done in the matter of fixed-root blade frequencies, but 
in some respects the manner of applving knowledge of these values has _ been 
obscure or unconvincing. It is hoped that consideration of modes of vibration 
and corresponding frequencies on the broad basis of the theory given will prove 
helpful when examining particular instances of blade vibration. 

It is thought that the best course to adopt in future investigations is to make 
observations of blade vibration in flight by the means described and by surface 
steam electrical measuring devices, and to deduce the source of important com- 
ponent vibrations as far as may be possible; assistance in this matter should be 
obtainable by determining the blade vibration characteristics experimentally by 
one or other of the methods described. A body of information should result 
whereby experiment may be replaced more and more by calculation. 

Attention has been given mainly to torque variation in the drive as a source of 
airscrew blade vibration; there has been a growing conviction that this is a very 
important source, although there are other sources. Clearly steps taken to 
ensure a smooth drive assist in the airscrew problem. 

In this paper I have dealt with beginnings rather than endings, and what ! 
have given needs to be supplemented by reference to the work of other investiga- 
tors. I have shown that the subject is more complex than may have been 
thought, and this does not seem very helpful. One knows from experience, 
however, that such complex matters tend to sort themselves out in time and 
that improved rules for design emerge; one hopes that this will prove to be so as 
regards airscrew blade vibration. 
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APPENDIX. 
FLEXURAL VIBRATION OF ELASTICALLY ENCASTERED BLADES. 
BRIEF MATHEMATIC EXAMINATION. 


1. If FJ, denote the flexural rigidity of such a blade at distance x from the 
tip, in respect of bending moments normal to the longer principal axis of the 
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section, and the blade deflection at any instance relative to the blade root direction 
datum is y, we may write :— 

EI, (0?y/dx?)=—M, . (1) 
where M, is the corresponding bending moment at the section concerned, 
measured in accordance with the usual convention for beam equations. 

Differentiating twice, we obtain :— 

(0/dz) EI,0?y/dx?= —0dM,/dr=P ‘ (2) 
(07/02?) EI,0?y /dx?=dP/dx=q . (3) 
where P is shearing force and q is lateral loading per unit length. 

For dynamic conditions, where damping and gravity are neglected and the 
blade is not rotating :— 

q = — pAd’y,/dt? (4) 
where p is density divided by the gravitational constant, A is cross sectional 
area, and y, signifies displacement normal to the chord in space associated with 
flexural deflection y and change of root direction a. 

It is clear that :— 

Ys=yta(L—-a)cosp . (5) 
where L is the blade length from tip to the centre of the supporting shaft, and 
8 is the angle between the longer principal axis of section and the centre line of 
the shaft. 

If the system be vibrating freely with frequency p/2z and if y, and a, denote 
extreme values of y and a, it can be deduced from the foregoing that the general 
equation for the flexure of the blade is :— 

(d? /da?) = pAp? { . (6) 
where E, I,, p, A and 8 may vary along the blade. 

If sm Aenote the extreme value of y,:— 


Ysm = Ymt%m (L—2) cos B (7) 
so that equation (6) may be written :— 


when 2 is constant—and equal to £, (say). 

If the symbol z be used to denote deflection along the principal axis of section, 
and the symbol J, to denote the second moment of section in respect of such 
deflection, we obtain * gaaneeng corresponding to the foregoing with z substituted 
for y, I, for I,, and (8,—2/2) for 

In place of equation (6s) we get :— 

Solutions of (6s) and (6s‘) will be given later in respect oe two blade forms: 
prismatic, and a particular shape of taper. Meanwhile, it should be noted that 
if we let A denote the ratio #/L and let suffix 1 denote values when A=1 (i.e., 
values at the blade root, which is assumed to be on the hub axis), equation (6s) 
can be written :— 

(@/dd?) { (EI,/E,In,) [d? (Ysm/L)/dA?] } =(p,A,p?L4/E (pA/p,A,) (Ysm/L) (6s") 
and similarly in respect of equation (6s’). 

As each of the ratios EI,/E,I,, and pA/p,A, is a function of A (i.e., of fractional 
position along the blade), the solution of the equation (6s”) has the non-dimen- 
sional form :— 

Ysm/ function of and of the non-dimensional group p,A,p?L*/E,Jy,. 

It follows that, for a family of blades characterised by having EI, /E,In, and 
pA/p,A, severally the same function of A, the form of the deflection curve in space 
for vibration normal to the face under corresponding end conditions is identical 
for identical values of p,A,p?L‘/E,I,,; hence the frequencies of such blades for 
any specific mode of vibration are proportional to 

(1/L?) (E In, 
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i.e., to (1/L?)/ (flexural rigidity at root/mass per unit length at root). 

The same comments apply in respect of edgewise vibration if J,, be substituted 
for I,, and Z,, for Ygm- Normally E/E, and p/p, are unity for all values of A and 
thus the flexural vibration characteristics of a non-twisted blade are determined 
by the manner in which J,, J, and A vary with fractional position along the blade. 
In respect of the use of models for investigating airscrew blade vibration, it may 
be observed that a blade of varying ribbed or grooved rectangular section can 
be arranged to have the same flexural vibration characteristics as a given non- 
twisted blade of any form; in particular instances equivalence can be attained 
without ribs or grooves. 


2. SOLUTION FOR PRISMATIC BLADES. 
For an homogeneous blade of uniform section, equation (6s) becomes :— 
where 
k*=p*pA/EI, : (9) 
The solution is :— 
Ysm=Ymt+%m (L—2) cos B, 
ay, cos | (sinkL+sinh kL) (sin ka+sinh ka) } 
~ 2k (1+cos kL cosh kL) | (cos kL +cosh kL) (cos ka + cosh ka) | a 
where the determinant notation has been adopted for convenience. 


The deflection forms shown in Fig. 3 have been determined from this equation 
by putting 8,=0, adopting specific values for kL, and computing y,m for various 
values of 2/L for each value of kL. The displacement in space of the blade-tip 
due alone to angular displacement a,, of the hub about its axis is a, cos £,, 
and for any selected values of a, and kL (which defines the frequency) the space 
displacement of the blade-tip normal to the face is (Ysm)x-,. By putting r=o0 
in equation (8) we get :— 

aml cos Bo/(Ysm)x-9 =kL (1 +cos kL cosh kL)/(snkL+sinhkL) . (11) 
which is shown plotted in Fig. 7. When a,, is zero, the numerator on the right 
of (11) is zero also and the equation is indeterminate in respect Of (Ygm)x-). This 
corresponds to fixed root conditions for which (j.n)x-, may be found in terms of 
blade root bending moment M,, by substituting —LM,,/EI,v (kL) for a, cos £, 
in (11)—see equations below. The first six fixed root values for kL, given by 
cos kL cosh kL= —1, are: 1.875, 4.694, 7.855, 10.996, 14.137, and 17.279. 

For edgewise vibration, we get the foregoing relationships with z substituted 
for y; I, for I,; (8,—2/2) for B,; and r for k, where :— 

If Rk, and FR, denote the blade root bending moment maxima per unit amplitude 
of blade root oscillation in the appropriate direction (i.e., normal to the face and 
edgewise, respectively) it can be established from the foregoing equations that :— 


R,=-EI,/Ly(rL) . : (14) 

where 
¥ (kL): kL sin kL sinh kL (13) 


1+cos kL cosh kL | cos kL cosh kL 
and wv (rL) is the same function of rL. 

This non-dimensional function is shown plotted in Fig. 22; Figs. 4 and 5 were 
derived from it. 

If F, denote the torsional flexibility of the shaft from the hub to the nearest 
node, the torque in the shaft when the foregoing maximum root bending moments 
occur is —a,,/F,, and, by resolving about the shaft axis we get equation (r1) of 
para. 2 of the paper, namely :— 

cos? 8, cos? (B,—7/2)= —a,/mF, (16) 
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where m is the number of blades. 

dividing (16) by am cos? 8, substituting from (13) and (14), and inverting, we 
get the relationship between F’, and frequency in the following form :— 

1/{ (kL)+ (I./I,) tan? (rL) } (mEI,/L cos? F, . (16a) 

Fig. 8 was derived from this equation, using Fig. 22, putting 63 for 
],/I,, tan? 8,, and the appropriate value for coefficient of F,. 

For expressions giving thrust oscillation due to blade vibration reference should 
be made to Reference 4, in which a fuller analysis of blade vibration is given. 


3. SOLUTION FOR A TAPERED BLADE OF A PARTICULAR Form. 
The form of blade is shown in Fig. 12. It is one for which the following 
solution has been obtained by Captain J. Morris, and it is designated ‘‘ B2.’’ 
All cross sections may be derived from the root section by double projection ; 
thicknesses vary directly as the distance from blade-tip and widths as the square 
root of this distance. 


VIBRATION NORMAL TO THE FACE. 


We may write :— 
A/A,=(x/L)§/? and I,/1I,,=(2/L)*/? (17) 
and, for a homogeneous blade, equation (6s) becomes :— 
(d? /dx?) (27/?d?y,,, /dx*) = (18) 
where 


Here k, relates to a silent blade of section equal to that at the root of the 
B2 blade. 
The solution may be expressed in Bessel form as follows :— 
Yom = Gf, + Gof, (x) 
where 
f, (w)=[sin 27 — [cos 27 (unt) / \ 
(x)= [sinh 27 ]/[2 — [cosh 27 / pra 


and G,, G, are constants. It will be noted that these functions include y,, which 
is proportional to frequency. 

It is found that the fixed root frequencies are given by the roots of the 
equation :— 


cot 2k,L+coth 2k,L=1/k,L. (21) 
The first eight values of k,L are :— 
(1) 2.6338 (3) 5-843 (5) 9.0028 (7) 12.1520 
(2) 4.2535 (4) 7-4253 (6) 10.5781 (8) 13-7256 


EDGEWISE VIBRATION. 


For this we may write :— 
and, for a homogeneous blade, equation (6s') becomes :— 
(d?/dax?) (a5l2d? 25m /d2?) + «+ (23) 
where 
Le (El, =r Ak (24) 
Here r, relates to a prismatic blade of section equal to that at the root of the 
Bz blade. 
The solution obtained comprises two series which have not been identified 
with known functions :— 
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2sm= H,F, (x) + H,F, (2) 


where - 
F, (x) =1 + 3.5. 7)+ II . 13) | 
25) 

FP, (x)= + 4.6.7. 9. 

4.6.7.9. 10.7 15.19. 21)+... ! 


and H,, H, are constants. 
The fixed root frequencies are given by the equation :— 
F, (L) F,! (L)-F,! (L) F, (L)=0 (26) 
whence it is found that the first two fixed root frequencies correspond to 
r,L=2.858 and 7r,L=5.130. 


By parallel procedure to that adopted for prismatic blades, a frequency equation 
is obtained having the same general form, it is :— 


1/ { @(L)+(1.,/In,) tan? (L) } =(mEI,, cos? B,) F, . (27) 


® (L)=[F," (L) F, (L) F," (L)]/(F, (L) F,! (L)-F,! (L) F, (L)] 
From this equation Figs. 12a and 12) have been obtained relating to a particular 
idealised blade set at 


where 


B,=60° and B,= — 30° respectively. 
The latter figure was plotted in relation to vibration caused by pitching or 
yawing oscillation of the airscrew hub centre line, the value of 8, differing by a 
right-angle from that for the former figure. 
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DISCUSSION. 

The CHAIRMAN: Major Carter had not read his paper in its entirety, there would 
hardly have been time for that, and the paper, unfortunately, was not able to be 
circulated much ahead of the meeting. That led to certain disadvantages, 
particularly in a subject so complicated as this, and he thought those who took 
part in the discussion might certainly be forgiven if they asked questions to which 
the answer in a sense was already given in the paper, although it did not appear 
in the spoken words of the lecturer. He hoped members would not hesitate to 
ask Major Carter to explain anything that was not as clear as it might be. 
This was pre-eminently a subject in which things in general were not quite as 
clear as they might be, but Major Carter had dealt with it in as lucid a manner 
as possible in the time allotted to him. He had been particularly struck with his 
beautiful experiments. 

Mr. D. R. Pye (Fellow): He desired first of all to thank the President and 
members for their expression of good wishes on his assumption of the responsi- 
bilities and anxieties of Director of Research. When one had worked for twelve 
years under the wise guidance of the President one felt rather like a ship in mid- 
ocean which had suddenly lost its pilot, and they might believe him when he said 
that it was just as easy to lose one’s bearings in an ocean of papers as in an ocean 
of salt water. 

When the mantle of Elijah fell upon Elisha he did not think it was recorded 
that the latter had to make his first prophecy under the eye of his predecessor, 
but if he had been instructed to do so no doubt he would have obeyed him, as 
the speaker was now obeying the President's call to open the discussion. It was 
not really a matter, however, of obeying instructions, because it gave him very 
great pleasure to have the opportunity of speaking on Major Carter’s paper, 
partly because he believed profoundly in the importance of the subject with which 
he had been dealing, and partly because he wanted the opportunity of thanking 
him for what had been to him, and he thought to everybody, a most fascinating 
paper. He could hardly imagine a paper dealing with a subject of this difficulty 
in a more lucid and interesting way, and he was sure that having listened to him 
there was nobody in that room who was not convinced that Major Carter was a 
master of his subject. 

He (Mr. Pye) had been in America in 1935 and was very much impressed while 
there with the amount of work which was being done and the thought which was 
being given to problems of airscrew vibration. In the way they had learned to 
expect of America, the people there had at that date a spinning plant which was 
designed to deal with airscrews of 4,000 h.p., and when he was at Dayton the staff 
there had almost offered to break a few airscrews just for his edification. He came 
back quite determined that it was essential to have a body of information of the 
same kind available in this country. At that time the number of metal airscrews 
in service in this country was comparatively trifling, and experience of blade 
failures was correspondingly negligible, but one knew that the metal blade was 
coming, and one felt that although they had been extremely fortunate in the 
absence of catastrophe due to airscrews it was essential, as an insurance against 
the possibility of those eventualities, that research of this kind should be started. 

It seemed to him that the research, some of the results of which they had been 
hearing about that evening, was peculiarly appropriate to a central experimental 
establishment. Moreover, they had in Major Carter someone who had for many 
years made a study of the torsional vibration of crankshafts. Many of those 
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present would remember the state of things which was common during the wai 
period when breakage of crankshafts through torsional vibration was almost 4 
commonplace. Nowadays it was the rarest occurrence, and a great deal oi the 
freedom from breakages of that kind was due to the work which Major Carte 
had put into that problem in the past. He did not want anyone to think that the 
work which had been done on this problem of the combined vibration of crank- 
shaft and airscrew systems was merely bringing them up to the state of know- 
ledge which had been reached in America two or three years ago. He thought 
it would be acknowledged in time, when the work had been carried further, that 
this investigation which Major Carter and his colleagues had been carrying out in 
recent years amounted to a real contribution to the fundamental knowledge of the 
subject, and would be looked upon in time to come as a great achievement calling 
not only for the highest mathematical ability, but, what was much more rare 
than that, a combination of mathematical equipment with real physical and 
engineering insight. 

Captain Swan (Fellow): He was glad the President had put them all at their 
ease regarding the abstruse nature of the paper so that the more ignorant among 
them would be brave enough to get up and say something. As everyone knew, 
Major Carter had been long associated with work on torsional resonance, and the 
paper he had now presented was a corollary of that work. In fact, it was 
inseparably associated with it. Mr. Pye had mentioned the destructive effect of 
torsional resonance on crankshafts and on engines generally in the old days, and 
he had also said that it was mainly due to Major Carter’s work that there was 
practical freedom from it to-day. In overcoming this problem of torsional 
resonance on crankshafts by a mathematical and experimental investigation, it had 
been possible fortunately to redesign the crankshaft so as to avoid resonance at 
the running speed, and such redesigning had not added anything in the way of 
weight; in fact, in most cases it had reduced it. 

He rather saw a difficulty in the problem now before Major Carter. Even 
though torsional resonance had been eliminated to a large extent there was still 
the torque variation in all engine crankshafts, and so long as there was that 
variation it seemed to him that they would always get this flutter or vibration on 
airscrews. No doubt one could by modifications in design of airscrews and by 
continually seeking better materials make airscrews to stand that flutter, but, 
of course, it would be much more desirable if the source of the trouble could be 
eliminated altogether. 

That was the only point he wanted to raise, and other people no doubt would 
have more detailed questions to ask. There was one question he had wanted to 
put to Major Carter, but perhaps it was too soon to ask it. He wondered whether 
so far he had considered how they were going to remove these vibrations. He 
thought he could justly say that as a result of the work on torsional vibrations 
the resonance was much reduced so that failures of airscrews were not nearly 
so extensive as formerly, but if they were to avoid them altogether he would 
like to know how Major Carter visualised tackling the problem of removing them 
or meeting them by some new manner of design. 

Dr. Ker WILson: One’s overall impression from reading the paper was that 
the author was working upon broad principles in a manner which was so com- 
prehensive that it would eventually lead to a general solution, and his survey 
had certainly succeeded in emphasising the unknown’s and the general instability 
of the science. For instance, it had been found that certain factors which were 
previously understood to be constants were variable within rather wide limits, 
and the multiplicity of forms in which the airscrew was made to appear likely 
to vibrate was so great that one got the impression that anything was likely to 
happen at any time. Actually this was not so. The absolute absence of accidents 
fatal to passengers due to variable pitch airscrews made by the world’s largest 
manufacturer was evidence of the unlikelihood of actual failures under present 
conditions of operation. So far as test stand failures were concerned they knew 
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of only one, and that was due to a deliberate attempt to cause a fracture by 
operating at what was known to be a critical speed of torsional vibration. This 
was done not to avoid airscrew failures, because none had ever occurred, but 
simply to enable the engines to stand up to the severe test which the airscrew 
was able to undergo. 

One could criticise the point of view of the paper with regard to the experi- 
mental method. This method was not applicable to torsional vibrations of the 
blade, and was cumbersome in regard to determining blade stresses, because it 
told very little about the form which the blade assumes during vibration. 

The proposed method of testing airscrews under forced vibrations was an 
interesting one and he had no doubt that if tried out it would yield very valuable 
results. In the past awkward mathematical situations had been evaded by 
assuming, for example, that the engine and the airscrew systems were distinct 
and separate; or that damping was proportional to velocity. The possible errors 
involved in such assumptions had been commented on more and more in recent 
years in the literature of the subject, and Major Carter's present contribution was 
a timely and welcome addition to their knowledge. Whilst it was admittedly 
wrong to seek an easy way out of their difficulties by adopting an ostrich-like 
attitude towards certain obvious and perhaps awkward physical facts, the adjust- 
ment of physical conditions to secure the desired simplification was a good alter- 
native. 

In this connection, whilst Major Carter had drawn a rather depressing 
picture of the complexity of an engine-airscrew system in vibration, ways and 
means of relieving the situation undoubtedly existed. During the last few vears 
attention had been drawn to the possibility of introducing greater flexibility 
between engine and airscrew by the use of rubber in shear. What was Major 
Carter’s opinion as to the possibilities of this arrangement? Other means were 
the smoothing out of the engine’s torque characteristics by the use of absorbers 
or dampers, and the use of constant-speed airscrews. 

Major Carter had not touched upon the much-discussed phenomenon of flutter, 
which becomes of special importance in connection with airscrews constructed of 
non-metallic materials, and which probably involved the evaluation of the torsional 
vibration frequencies of the blades. It would be very useful to have his views 
on this important aspect of airscrew blade vibration. 

There was a lack of authoritative opinion relating to the value of the module 
of rigidity of blade materials, particularly the specially developed composite 
materials, and if Major Carter was able to give any figures for a number of 
different materials it would be very useful. 

Mr. Nazir (Associate Fellow): There were a few points he wanted to raise. 
First in connection with the shape of the blade he wondered whether the author 
had experimented with an elliptical shape. Had that been taken into account ? 
Again, had he taken different readings in connection with different shapes and 
ascertained whether the shape of the tip of the blade had any relation to the 
quality of the vibration at all? A comparison of the effect of the pusher blade 
and the tractor blade would be very interesting in connection with propeller 
vibration. At the time of the take-off, in the raising of the engine to its maximum 
and the gradual increase of vibrations, would it be possible to increase the blade 
angle and let it run slightly slower by running the engine at three-quarters of 
the speed instead of at the maximum ? 

Mr. J. Morris: He had spent a delightful six months in association with Major 
Carter and his team on this work, and what had impressed him was the keen 
scientific spirit in which this problem was tackled. If he had been so minded 
Major Carter might have produced one or two rules, but he thought he had been 
quite right in working on the lines he had done, and he had no doubt that when 
the programme was completed he would probably be able to produce a set of 
quite useful rules. He did not wish to say any more because he himself had 
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been associated with the work, but he had desired to emphasise the true scientifie 
spirit in which this problem had been tackled and the very fine team work which 
was to be found amongst Majer Carter’s colleagues. : 

Prof. G. T. R. Hiut (Fellow): One of the things which had struck him 
forcibly was that nearly all the author’s remarks had dealt with flexural vibration, 
and he himself had always been brought up to believe that torsional vibration was 
the real snag. He had never lost a blade in flight. Perhaps owing to the fact 
that the form of the blades had been altered, the particular species of vibration 
known as torsional had lately disappeared. 

He desired to ask one or two questions about Major Carter’s experimental 
methods which they must all have admired. He had shown the layout of a gear 
for running a propeller and impressing the torsional vibration upon the drive, 
How much variation did he imagine would take place in the actual oscillations 
recorded if a wind was caused to blow through the propeller disk to simulate actual 
flight conditions at some particular advance per revolution, instead of running 
under static conditions? The damping must be very different when the blade 
was running unstalled as compared to when it was running statically and very 
largely stalled. 

He thought the members must have been impressed by Major Carter’s optimism 
in sticking his electric lamp bulb at the tip of the blade and getting it to operate 
successfully at a centripetal acceleration of 4,000 g. He did not know what the 
stress in the filament was, but it was evidently not as much as to cause complete 
breakdown. It was surprising not only that the lamp stuck on, but that the 
filament remained. 

He wished to pay a tribute not only to the mathematical skill evident in this 
work and the experimental ingenuity in rigging up this ingenious piece of test 
gear, but also to Major Carter’s courage in facing almost incredible difficulties 
and not being downhearted when he encountered a hundred unknown variables. 
The difficulties in connection with this experimental test rig must have been enor- 
mous, as also those in the ‘‘ ocean of paper ’’ which confronted him when he sat 
down to analyse and work out the results mathematically. 

Mr. R. A. FatrtHoRNE: Had Major Carter found that, whatever the com- 
plexity of the mathematical expressions or the various harmonics, if he drew a 
smooth curve by eye, knowing the amplitudes, he would get the thing within 
1/1ooth of an inch or so of what it ought to be ? 

Mr. H. E. Wimpreris: He took up a remark made by Captain Swan, who was 
linking up the airscrew vibration problem with the torsional oscillation due to 
engines as they knew them. He wished to ask whether Major Carter considered 
that even if one could avoid all torsional oscillations from the engine, similar 
airscrew vibrations would equally arise from the inevitable asymmetry of the 
aerodynamic surfaces in reference to the rotating airscrew. 


REPLY TO THE DISCUSSION. 

Major CarTER, in reply, first of all thanked Mr. Pye for his generous remarks. 
He only hoped that the plant which had been spoken about would prove to be 
as useful as he suggested. 

With regard to the questions by Capt. Swan, two methods had been followed to 
eliminate torsional vibration, one by design and the other by introducing some 
particular device. Many devices had been tried or suggested. One was the 
fluid fly-wheel, which is too heavy to put into aircraft. An old device was a 
Lanchester damper which was rather favoured in Germany, and had been fitted 
to some English engines, but to be effective the damper required to be rather 
large, and also its setting had to be right. If there was too much friction the 
whole fly-wheel was taken with the shaft, and if too little, the fly-wheel was left 
behind. There was an optimum setting, and the smaller the damper the more 
delicate the optimum setting. 
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Another way of eliminating torque variation was to introduce a spring drive. 
There were two ways of doing this, namely, by the use of a steel spring or of 
rubber. When he carried out tests on a nine-cylinder engine fitted with a steel 
spring airscrew drive with no damper he found that the minor criticals which 
he had previously thought would not be important became very large and it was 
necessary to introduce damping. Thus the original spring hub did not serve 
to make the drive smooth and a damper had to be incorporated. 

Rubber had been mentioned as a material which might be used. It was 
a di/ficult thing to calculate or to express clear opinions about. There were so 
many different qualities and grades of rubber that he did not think he could 
give any definite answer to the question whether rubber would solve the problem. 
There seemed to be some hope that it would, but he had heard of experiments 
with rubber drives where, to exaggerate somewhat, the walls of the test house 
had become plastered with rubber. 

The problem of deciding what vibration characteristics should be avoided was 
linked with the question of treating the airscrew and engine system as separate. 
Recent articles in American literature took the view that if the main critical 
speed of an engine, assuming the airscrew to be rigid, happened to be the same 
as a fixed-root frequency of the airscrew blades at that speed of rotation, there 
would be trouble with the airscrew at this critical. He could see that this might 
happen to be nearly true, but it was not really sound to speak of the two systems 
and one resonating with the other. He noticed that Liirenbaum had expressed 
dissatisfaction with such treatment and had stated that further investigations 
were being made (Ref. 2 of the paper). 

(Communicated.—Since giving the lecture he had received an interesting com- 
munication from Dr. Ing. Karl Liirenbaum enclosing a summary of a paper, 
then about to be read in Germany, in which the same mathematical method of 
examining airscrew blade vibration had been developed and the same general 
conclusions reached. ) 

With Dr. Ker Wilson’s remarks he did not think there was very much on 
which he joined issue. He had not meant to suggest anything fundamentally 
wrong with metal airscrews, but there was a possibility that they were made 
heavier than they need be if more knowledge were available, and it was rather 
on that basis that inquiry was made. As for the method of measuring the 
blade tip vibration, it might not be the best way of finding out finally what the 
stresses in the blade were, but if one did get blade deflections from it one could 
hope to get the shape, and if the curvature were obtained correctly the bending 
stress would be known to which the centrifugal stress would have to be added. 
He regretted that he was unable to give figures for the module of rigidity of 
specially developed composite materials. 

Mr. Nazir had asked whether elliptical blades had been tried. The author 
had not tried such blades, but there was not much in blade shape from the 
purely dynamic point of view as distinct from the aerodynamic, the important 
things were the distribution of the moments of inertia and the distribution of 
mass. These were the things which had to be considered in dealing with different 
blades, and it was necessary to bring them down to that basis for comparison 
as a start. 

With regard to the pusher and tractor blades, he was not quite sure in what 
respect he was asked to compare them. Was it a question of air low? There 
were instances of airscrews getting vibrations through being near the fuselage. 
In those tests of which he had shown the film records, the engine was mounted 
on a bed which was surrounded by various obstructions, and it was not known 
at present how much of the vibration was from the engine and how much from 
air disturbance. 

He had been interested in Professor Hill’s remarks. It was true that there 
was nothing in the mathematical side of the paper concerning torsional blade 
vibration. One had to be careful not to confuse torsional vibration of the blade 
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with torsional vibration of the crankshaft. It was to the former that Professor 
Hill had referred. This had been calculated for the idealised taper blades, but 
he had not so far given much attention to vibration of this type. The testing 
of airscrews under static conditions as distinct from incoming wind was a real 
difficulty. He did not suppose that it could be done in the large wind tunnel at 
Farnborough. That was just one further complication in a complicated problem. 

With regard to the filament, this sometimes seemed to lean against the glass, 
but apparently that did not matter and it still went on giving its light. Ordinary 
flashlight bulbs have been used and also the smaller bulbs made for toy railways, 

In reply to Mr. Fairthorne, a lot of the work had been concerned with the 
fundamental and the first overtone; now they were taking the second and third 
overtones, and it did get more difficult the higher the frequencies. 

Mr. Wimperis had asked about the effect of wind. He heard of an interesting 
instance of that recently where torsional vibration of the crankshaft airscrew 
system was being caused by the flow of air over the aircraft and airscrew. The 
frequency of the disturbances coincided with a natural frequency of the system 
and caused the trouble. It was a very interesting occurrence and one to guard 
against. 

The CuHatrMAN: He expressed the thanks of the members to Major Carter for a 
lecture on an intricate subject given by a master of it. The discussion had been 
very useful in bringing to light certain points on which further knowledge was 
desired. He associated with the vote of thanks Mr. Caygill, who had carried 
out Major Carter’s demonstration for him. 
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THE GYROPLANE.* 
By Louis BREGUET 


I ought first of all to define what a gyroplane is. 

A gyroplane belongs to the helicopter family, aircraft which, as their name 
indicates, have wings in the form of airscrews. 

In effect a helicopter consists of large airscrews, with axes nearly vertical and 
set in rotation by the action of a motor; the reaction of the air on the blades 
provides the necessary lift to enable the machine to rise vertically, without 
forward speed. 

] will recall that in order to obtain sustentation without forward speed many 
suggestions have been made for giving to wings a movement which would 
produce lift. 

The first idea was found in nature and led to the conception of ornithopters, 
and it is undeniable that sufficient lift might be obtained by this method. 

But, in the same way that man, in the remote ages, invented the wheel as a 
substitute for walking, rotating wings suggested themselves as a more mechanical 
alternative to the flapping wing. From that followed the idea of making the 
wings turn with a continuous movement round a central axis, each describing a 
circle, as if it performed a continuous turn, the whole consisting of a kind of 
collection of individual aeroplanes of which the centre, fixed to the body, could 
be immovable. 

The idea of supporting flying machines by airscrews has been considered for 
a long time. Before even Jules Verne wrote ‘‘ Robur the Conqueror ’’ many 
inventors had imagined helicopters; one of the best known is that of Ponton 
d’Amécourt. More recently Colonel Charles Renard tackled the problem more 
thoroughly and made a number of important contributions on it to the Academy 
of Sciences. The first, dated November 23rd, 1903, was entitled ‘‘ On the 
possibility of keeping in the air a flying apparatus like a helicopter, using internal 
combustion engines in their existing state of development.’’ 

On December 7th, 1903, Colonel Renaud submitted a second paper, ‘‘ The 
properties of sustaining airscrews.’’ Finally, on November 7th, 1904, a new 
paper, entitled ‘‘ \ new method of construction of air screws.”’ 

I was impressed, at the time, by the work of Charles Renard, of whom I had 
the honour to be a pupil, and I had taken up again the problems studied by him, 
by superimposing a forward movement on the movement of rotation, the latter 
being till then the only movement considered. 

A gyroplane is a helicopter which can travel horizontally at a speed as high 
as possible. This forward movement requires that at each part of the blade 
the speed of rotation is combined with that due to forward motion. 

The angle between these speeds varies continually while each blade makes a 
complete revolution and as during half the revolutions the speeds are added 
together care must be taken to see that the forces on the blades do not become 
dangerously high, as there would then be a risk of the blades breaking or of 
the aircraft becoming unstable. 

In my first patent on the gyroplane I had made use of flexible blades whose 
angles of attack could be altered automatically with the lift forces. 


*Translated by the Editor and Mr. W. O. Manning from Journées Techniques Internationales 
de l’Aeronautique (November 23rd-27th, 1936) by courteous permission of the author. 
Some of the French expressions are obscure, but the original may be consulted at 
the offices of the Society. 
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Then, in 1908, I took out a patent for a differential connection between the 
opposite blades with the object of balancing the forces by the variation of the 
angles of incidence; the incidence of the advancing wings decreasing, while that 
of the receding wings increases. 

I have also applied to my gyroplane No. 3 the method described by Colonel 
Renard in his communication of 1904, of fixing the blades to the hub by a 
universal joint. On this account, the blades being submitted, on the one hand 
to centrifugal force, constant for a given speed of rotation, and on the other 
to the aerodynamic reactions which vary by reason of the forward speed, the 
blades are able to adjust themselves at each instant to the resultant of these 
forces. 

In a complete revolution the blades undulate and flap with an alternate 
movement, each on its own account, with a phase displacement corresponding 
to the aerodynamic forces and an amplitude which can be controlled by an auto- 
matic variation of the angle of attack with the rate of flapping. When the blades 
are advancing in the direction of flight, they raise themselves, at the same time 
displacing themselves angularly from the plane of rotation of the hub. The 
reverse takes place during the half turn when the blades are receding. In this 
way the alternating complex forces acting on the blades, due to their turning 
and forward movement, adjust themselves as does the couple necessary for 
driving them. 

The essential advantage of helicopters and gyroplanes, as we have seen, is 
their ability to support themselves without forward movement. A helicopter then 
is able to leave the ground vertically and to remain in the air without forward 
movement, whilst a modern aeroplane with a high wing loading is not able to 
leave the ground or to return to it under a speed of the order of 100 kilometres 
per hour. It is in consequence necessary to have large level and well kept 
aerodromes for them to rise from and land upon, while taking every precaution. 
Aeroplanes cannot, indeed, fly below a certain speed without grave risks of loss 
of control so that in the world of aviation, we speak of the ‘‘ danger of stalling.” 

Both military and civil aviation are interested in getting rid of large aerodromes. 
For military aircraft this is particularly important in time of war when it would 
be difficult to have suitable aerodromes in sufficient numbers near the front line 
and keep them in good condition. The ground, indeed would be liable to be 
broken up by the bombing of enemy machines, rendering the aerodrome useless. 
If gyroplanes are able to rise vertically from no matter what type of ground, 
they must be able afterwards to fly at suitable speeds without the use of excessive 
power. It has appeared to me then of particular interest to study what would 
be the efficiency of this method of flight, suitably carried out by a_ proper 
inclination forward of the axis of the sustaining airscrews and to examine if 
this efficiency and the speed obtainable would be comparable with those of 
modern aircraft. 

Before dealing with this problem I will reply at once to a question which has 
often been put to me. 

What is the difference between a gyroplane and an autogiro? 

Etymologically, gyroplane signifies ‘‘ an apparatus which moves while turning,” 
and its name was suggested in the course of a conversation I had in 1905 with 
the late Professor Charles Richet. A gyroplane has no airscrew for propulsion, 
since its rotating wing, driven by the engines, is sufficient at one and the same 
time for propulsion and lift. 

An autogiro, such as devised by M. de la Cierva, the well-known Spanish 
engineer, is an apparatus with auto-rotating wings. With the autogiro, in fact, 
the revolving blades are not driven by the engine, but are mounted freely on a 
central axis; it is the relative wind due to the forward movement produced by 
the airscrews which causes the auto-rotation of the wings, of which the plane ot 
rotation has necessarily a large angle with reference to the plane of forward 
movement. 
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To sum up, we can say that the autogiro is a true aeroplane with wings which 
turn freely round a central axis, like a windmill placed in a nearly horizontal 
position; in turning, the wings, as the wind tunnel tests have shown, behave like 
a lifting disc and the machine behaves as one with a fixed wing, but with a 
considerably increased surface equal to the area of the circle swept out by the 
blades. It is due to this increased area that autogiros are able to fly at slow 
speeds. 

In an autogiro the plane of the wings is inclined backwards and offers a 
resistance that is overcome by the thrust of the airscrew. In the gyroplane the 
plane of the wings is, on the other hand, inclined forward, so causing a forward 
thrust. 

Gyroplanes, besides possessing the ability to rise vertically which is not 
possessed by autogiros with freely moving wings, have other advantages, in 
particular their greater efficiency of arrangement due to the absence of the normal 
airscrew. As propulsion and sustentation are carried out by the same rotating 
wing, high speeds become possible and one can demonstrate that the efficiency 
of propulsion is then practically equal to unity. : 

In 1905 and 1906 I had constructed the first gyroplane with flexible wings 
which, in 1907, was able to rise under its own power carrying a pilot. This 
success, obtained for the first time, was made the subject of a communication in 
the Academy of Sciences by M. Lipmann. 

Before the final development of this gyroplane I had already carried out a 
series of tests with a large aerodynamical balance; the first results of these 
experiments were communicated to the 4th Aeronautical Congress held at Nancy 
in September, 1909. 
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The results which I had forseen by study of the best wing profiles and above 
all by the introduction of a new idea, that of the ‘ solidity,’’ or ratio between 
the area of the blades and that of the circle swept out, had already been very 
encouraging. 

For a lifted weight (P), an airscrew diameter (D) and a power (W), I had 
obtained a figure for a lift parameter 

g= PP (DW, 
clearly superior to that indicated by Colonel Renard, whose airscrews had too 
great a relative width, above all towards the tips. 

Moreover, it seemed to me that forward motion ought to improve this figure 
and that the power necessary for forward movement would be compensated for 
at certain speeds. 

I wrote in 1909:—‘‘ The reported objection, so important, of the surfaces 
working one after another on the same column of air ought to lead us to think 
that, for a lifting airscrew which is moving forwards as the supporting column 


| / 


794 LOUIS BREGUET. 
ij 
( 
ae 
» 
= vs 
a 
f 
v 
© a 
> t 
fe 
s oso 
Va 
‘ 
t 
on 
Ot 
d oo 
s / 
3 
é 
5 
- 
\ LY oo 
“eo 
= 2 
8 Y oso 
° ° ° 
© 
§ =. —+- m4 > 
we 3 n SN 
& 
2 | 
38 
o 83 
2 
3 
VA 
6 ae 
3 
| | 
2 5 of 
7 
3 8 
J = 
; : = = 
m 
of air is constantly being renewed, the interference between the blades ought, T 
from this fact, be definitely less than when at rest. W 
‘* T have been able, indeed, to verify this fact, but without being able to 
measure it. One day when an average intermittent wind was blowing, I observed m 
that at each gust, the lifting force developed by my gyroplane No. 1 increased w 
very obviously. Ww 
‘*T also noted another fact; at the time of the trials of my gyroplane No. 2, = 
which was a combination of a helicopter and an aeroplane, the centre of pressure * 
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of the airscrews at rest coincided with the axis of rotation, but during the flight 
of the gyroplane it was clearly in front of the axis; the movement of the centre 
of pressure could be as much as 50 cm., the diameter of the airscrews being 8 m. 
and the speed of forward movement of the gyroplane of the order of 10 m. per 
second. ’”’ 

] have reproduced the drawing and photograph* of the balance which I made 
for my experiments, the curve of the results obtained as far as regards sustaining 
airscrews, as well as a photograph of my gyroplane of 1907 (Figs. 1, 2, 3 and 4). 

In spite of these results and the first encouraging trials of my machine, I had 
to put on one side, for financial reasons, the solution of this important problem. 

Nevertheless, during the time that I was carrying out my researches, Santos 
Dumont, Voisin, Bleriot, Esnault-Pelterie had made their first flights with true 
aeroplanes. I decided, in my turn, to construct an aeroplane, but I made it in 
the light of my experiments. 


FIG. 4. 


The wings of my aeroplane were, then, conceived as an enlargement of the 
wings of my gyroplane; they had a single spar to which were attached flexible 
ribs, 

Moreover, my studies on the efficiency of propelling airscrews had allowed me 
to see how it would be possible to adapt them to better advantage to a flying 
machine, which allowed my first machine in 1910 to have an excellent efficiency. 
That is why I abandoned, at that time, the construction of gyroplanes, which I 
was not able to take up again until after the war. 

It is five years ago since Senor de la Cierva first showed in France the curious 
machine he called an ‘‘ autogiro,’’ of which I have already spoken, and of 
which | have been particularly struck by its stability in the air. The blades 
were fixed to the hub by universal joints, such as I had arrived at in 1908. 


* Fig. 2 omitted. 
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I will note on this point that the fact that the blades are articulated to the 
hub, does away with the gyroscopic couples which would upset the stability of 
the machine, as is easily shown by the theory of the problem. 

This practical confirmation led me to believe that gyroplanes should also have 
a similar stability. And that is what my recent trials have confirmed. 

I have at this moment, in hand, the plans of a new machine and I have given 


the responsibility for its construction to my young assistant, M. Dorand, son 
of the Colonel Dorand who, as is well known, has been a pioneer of French 
aviation and a worthy pupil of Colonel Renard; I am happy to pay tribute to the 
great help which has been given to me. 

In this machine, the blades are still fixed to the universal joint on the hub and 
can, in fact, turn round their own axis, which enables one to change the incidence. 
The incidence, moreover, can be changed automatically by the movement of an 
eccentric arm, lessening that of the rising blade and increasing that of the 
falling one. 


Fia. 5. 


At the same time the differential adjustment of the incidence can be made by a 
plate mounted on ball bearings, so that the pilot can, nevertheless, either control 
the variation of incidence in any plane whatever, or bring about a variation 
altering the pitch. The control was brought about by a differential control of 
the pitch of the two coaxial systems of wings turning in opposite directions; 
this arrangement had the advantage of allowing turning, even when the machine 
was stationary. 

The machine that I have constructed and recently experimented with was 
only a laboratory gyroplane. Its general lines, as appear in Figs. 5 and 6, not 
being refined, had a high resistance to forward movement. I wanted, with 
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the aid of this experimental machine, to study the mechanism for control and 
manceuvrability. 

I undertook at the same time a theoretical investigation of the problem of 
forward movement, a study which confirmed the tests made in the Eiffel Labora- 
tory and published in 1927 in the ‘ Bulletin des Services Techniques de 
l’Aeronautique.’’ These trials had been carried out by M. Lapresle on rigid 
airscrews with a large incidence and heavy blade loadings. These experiments, 
methodically carried out, verify in a startling way all I had forseen, and were 
to me a most valuable starting point. 

I established, in this way, different general formule, my collaborator, M. 
Devillers, helping me with the mathematics. They appear at first sight very 
complex, but one would not expect them to be otherwise, considering the great 
variety of phenomena to be examined. They are, nevertheless, in full agreement, 
not only with the work of the Eiffel Laboratory, but with my own past and 
present experience. 


Fia. 6. 


I will begin by indicating those simple principles concerning the distribution 
of speeds on the blades of a lifting airscrew of diameter (D), turning at (n) 
revolutions per second and with a horizontal speed of (V). 

The calculation, taken with the experimental results, has shown me that, 
practically speaking, the aerodynamic action of the air on the blades depends only 
on the components of the velocities in a plane at right angles to the plane of 
the blades. In other words, the radial velocities have little effect on the 
coeflicients of pressure or thrust, this hypothesis being nevertheless unfavourable. 

Such scientists and technicians who have approached this question in the light 
of experience or by calculation, have nevertheless arrived at the same conclusion. 

At any given instant we will consider in the distribution of the velocities 
only the component of the speed (V) of forward movement, which is normal to the 
span of each blade, (V,) for the blade (A) and (V,) for the blade (B) (see Fig. 7). 

1. Let us consider the blade (A) moving forward in the same direction as the 
whole machine is moving forward while turning round the axis 0; the resulting 
effective velocity at the circumference is then the sum V,=U,+V,, where the 
speed of rotation U,=2nD, and where (V,) is the component at right angles 
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Pic. 7. 


to the span. The maximum resulting velocity (U’) at any point (M) on the blade 
is found on the line EF, which is deduced from the line OU, at the limits of 
rotating velocities, by a velocity (V,) in the forward movement. 

The line EF cuts the axis OA of the blades in (O’) which is the point of zero 
velocity which I call the instantaneous centre of rotation. 

The triangles O/OE, OAU, give 

00'/OA=OE/U,, OO'/(D/2)=V,/anD, OO'=V,/2an. 

Let H be a point on the perpendicular to the direction of (V) and such that 

OO’ be the projection of OH. 
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The triangles OO'H and OVE are similar, having their respective sides 

perpendicular, 
00'/OE=00'/V,=OH/V, OH=V/V, . /2an=const. 

The angle OO’H being a right angle, when the blade (A) makes a rotation, 
the instantaneous centre (O’) makes a circle (I), passing through (0), of diameter 
d= QOH =V/2zn perpendicular to the direction of forward movement, the direction 
of OH being taken from that of the forward movement by a rotation of go° in 
the sense of the rotation (n). 

The distribution of the aerodynamic velocities is the same as if, at each instant, 
the blade turns round the instantaneous centre O! with angular velocity 277 which 
it has round its own axis (OQ). 

By way of verification of this general principle, it may be seen that the resulting 
velocity (U’) at (M) is, by definition, V,+2zn0M, that is to say, by replacing (V,) 
by 2xn0O! :— 

U!=2an (OO'+ OM)=27n0'M. 

The velocity (U’) is exactly the same as if, at each instant, the rotation was 
that of (mn) revolutions per second around the point (O’) which is always the 
point where the neutral axis OA of the blade meets the circle (J). 

As long as the point (0/) is outside the plane of the blade, that is to say, as 
long as the blade is not passing through the circle (I), the velocities (U’) are 
always in the same direction. 

It is for a rotation of 180° for which the blade, in turning, advances in the 
sense of the forward movement. 

2. Let us now consider a blade B whose peripheral speed of rotation U,=znD 
in a sense opposite to the effective component (V,) of (V). 

The line E’F’, representing the distribution of velocities, is again deduced from 
the line OU,, representing the distribution of the speeds of rotation, by a transla- 
tion (V,); but which is, now, in an opposite sense to (U,). The resulting velocity 
is zero at the instantaneous centre (O”), where the neutral axis of the blade 
meets the circle (J). 

It can be seen that for every part of the blade which comes inside the circle (J), 
the trailing edge becomes the leading edge. The circle (J), as the locus of the 
instantaneous centres of rotation over all its surface, determines the region 
which I call the zone of speed reversals. In the interior of that circle, the drag 
of the blades is always acting, as far as regards the engine torque, in such a 
way that the thrust is negative, the blades entering by their trailing edges. The 
distribution of the resulting speeds on the blade is then the same as if it turns 
round the instantaneous centre OO”, with an angular speed of rotation 27m which 
the airscrew has round its own axis (0). 

This being admitted, the theory which I have put forward for the gyroplane 
is based on the fact that one can make a summary of the various forces of the 
air on the turning blades, considered as the wings of an aeroplane having an 
aspect ratio A and a minimum drag coefficient c,,. What we want to know is 
what value of A should be given to the blade. 

The aspect ratio depends evidently on the number (N) of the blades of the 
ratio (h,) of the blade surfaces to that of the circle swept out which I have called 
the ‘‘ solidity,’’ of the parameter y=V/nD and also of a residual aspect ratio 
which corresponds to the residual assumed solidity (h,). 

I will recall that the geometric aspect ratio (Ag) of a surface (s,) is the ratio 
E*/s,, between the square of the span and the area, that is to say, 
Ag=R?/s,=D?/4s, for a blade of area (s,). But, if one considers an airscrew 
with (N) blades, by definition Ns,=h,.xD?/4, which gives, for the geometrical 
aspect ratio of a blade, 


Ag=1/(nh,/N). 
It is known that the interaction of the working blades, due to their rotation, 
in their mutual deflection, is shown by an increase of the induced velocities 
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normal to the plane of rotation, and we get from the point of view of the induced 
resistance ¢,;=c,"/A, function of c,, as if the geometric aspect ratio (Ag) was 
less and replaced by an assumed aspect ratio (A) varying inversely as the 
interference. 

That is why I have been led, in the first place, to work at one fixed point, 
and to multiply (h,) by (N+1), which will determine for N= 2, an assumed aspect 
ratio one-third that of the geometric aspect ratio (Ag). 

In the second place I have been able to make use of the residual aspect ratio (A,) 
which I express as a function of the assumed solidity (h,), the introduction of 
which simplifies the formule, and such that A,=1/(2zh,) at the fixed point. 

Wind tunnel results have suggested adopting A,= 35 for a single moving wing, 
and A,=10.5 for wings in rotation like those of an airscrew turning round a 
fixed point, the last value corresponding to h,=o0.015. The formula which | 
have arrived at for the expression of the assumed aspect ratio of the supporting 
blade of an airscrew at a fixed point is this 

[ho (N+1)N+2h,]}. 

In practice, (h,) would depend on the number of the blades, but this formula 
applies to gyroplanes with at least four and not more than eight blades and is 
sufficiently accurate for the purposes of this paper. 

The coefficient (h,) is an idea which is quite new in aerodynamics, and means 
that, for blades which would be infinitely close, one ought to consider a residual 
aspect ratio corresponding to a limited interference. 

In the Eiffel Laboratory tests, for an airscrew with four blades, such that 
h,=0.28, the geometric aspect ratio of a blade being Ag=4.5, there has been 
shown, without forward movement, results corresponding to an assumed aspect 
ratio A,=0.9, representing a considerable loss in ratio to (Ag) and explaining the 
very poor results obtained experimentally. 

It is only by adopting an assumed aspect ratio A, knowing the residual term, 
that one is able to use, for each section of the blade, the deduced parabolic 
distribution of the Prandtl theory. Otherwise it is impossible to find even the 
direction and value of the results obtained experimentally. That is why, as my 
experiments of 1907 on the dynamometer balance have shown, that if, for a 
given airscrew at a fixed point, one varies the solidity (h,), the lift parameter 
passes through a maximum for a value of (/,) proportional to (h,); nevertheless, by 
neglecting (h,) it becomes larger and larger in proportion as the blades become 
smaller and smaller. The curve (Fig. 8) shows, by the unbroken lines, the 
results of the 1907 experiments, and, by the broken lines, the theoretical curves 
corresponding to h,=0.015 for the blades near the hub. The difference between 
the experimental curve and the theoretical curve corresponds generally for the 
blades of my airscrew of 1907 away from the hub. 

I think that this way of carrying out the calculations is more correct than that 
which consists, as one has often done for the turning wings of an autogiro, of 
calculating the interference by supposing the induced vertical velocity is 
uniformally distributed over the whole surface swept out, this velocity being 
determined by comparing with the wing of an aeroplane the disc made up by this 
surface. It is difficult, indeed, to admit such an assumption, far too advan- 
tageous in forward motion for the vertical flow of air for lifting rotors turning 
much more slowly than propellers, as for example at a rate of two to four turns 
a second, and whose blades, on each half turn, are not working, while sweeping 
through the inverse circle. 

I have made the calculations by assuming an average and uniform lift coefficient, 
but in setting out an experimental polar diagram, in the circle of inversion, the 
trailing edge becomes the leading edge. 

Without automatic alteration of incidence, which would vary regularly by 
reason of the inclination of the axis of the airscrews, the vertical flapping of the 
wings allowed by the movement of the universal joints have, in this respect, a 
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governing réle. I will not take into account here the flapping movement to 
which | will return later. 

In order to calculate the thrust and power required, I have integrated the 
air reactions over the whole length of the blades by replacing, for each section, 
the square U’ of the resultant air speed by an average value obtained by integra- 
tion in time, the integrations being made separately for the exterior and interior 
of the circle of speed reversals. 

In the interior of the circle I have assumed c’,=2c, and c’!,= 0.5 ¢,, 
c, and c, being the coefficients of lift and drag on the working parts of the blades 

I have also calculated the resistance, opposed to the forward speed, made by 
the blades in their plane of rotation, taking into account the unsymmetrical air 
reactions which are caused when the airscrew is moving forward. By adding 
the drag of the body ane other parts the total resistance to forward movement 
is obtained. 

This drag necessitates a forward inclination of the axis of the airscrews to 
obtain thrust and is shown in the expression for W of the power necessary to 
drive the airscrews round. 

I limit myself to the case where the circle of speed reversals is inside the 
circle swept out by the blades, my formulas being valid approximately for 
V/nD=n, this value having appeared to me a reasonable limit. 

I have thus obtained (1), for blades of generally rectangular form the following 
formulas in metric units. 


FORMULAS FOR THE GYROPLANE. 


h,=S/(xD?/4), effective solidity: for the total area of the blades. 

N=number of blades. 

h,=residual solidity (0.015 for my actual machines). 

V=forward speed. 

n=revolutions per second of coaxial screws. 

D=diameter of airscrews. 

y=V/nD. 

oV*=parasitic drags at sea level. 

A=assumed aspect ratio of the blades. 

Cyi= V (xACc,x.), coefficient of lift corresponding to the efficiency of the blade 
element for a coefficient of minimum drag c,o. 

C,=pc,;, coefficient of lift of an element, supposed constant for all the working 
parts of the blades. 

c,=(1 +4?) c,., coefficient of drag of an element. 

P=total weight, equal to the lift in horizontal flight. 

W =power delivered to the airscrew shaft. 

C=sum of the engine torques applied to the airscrews. 

5=relative density of the air at the altitude of flight considered. 


I. Assumed aspect ratio. 
(ho +h,)/(1+i.28 y)] . (1) 
II. Thrust coefficient. 
a,= 7/6n*D*=0.162 phy [Cyo/ {ho /N+h, 
+(ho+h,)/(1+1.28 y) } ]} (1+0.15 y?—0.01 y*) ‘ (2) 
III. Power coefficient. 
B= W /8n* =0. 383 (1 +p?) (1+0.3 y? +0.006 + . (3) 
IV. Inclination 6 (for forward ova 
Tan 6= { (1+ m?)/u} [ex (ho/N+h, 
+ {ho t+h,}/{14+1. [0.475 y.+0.02 y? 
+ 6.17 oy? /Cyoho (1+ wu?) D?]/(1+0.006 y*) (4) 
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\. Lift parameter. 


VI. Apparent lift/drag ratio. 
Tan ¢= W/PV=8/a,y=tan 9, + 80 V?/P (6.1) 


Tan @, being the lift/drag ratio of the wing alone, that is to say, for c=o, 
such that 
tan ¢,= { 2.36 (1 +p) [exo (ho/N +h, 
+ {hoth,} /{1+1.28y})]! (1+0.3 y2+0.006 y*)/y (1+0.15 y—0.01 y*) (6.2) 
VII. Airscrew torque. 


VIII. Thrust corresponding to speed V. 
IX. Power corresponding to speed V. 


X. Polar diagram ener to the area S of the aii: out circle. 


= (64/7) (a,/y?) . ‘ ‘ ‘ (12) 
Pa (6/16) C,SV?_. ‘ (13) 

XI. Deduced semi-cubic parabola asymptotic to the polar pene 


corresponding to the parameter at the fixed point q=0.443 6! diniuned from 
Froude’s theory. 

It follows from equation (1), which takes account of the forward movement, 
that the interference of the blade lessens very rapidly as a function of the para- 
meter y of the forward speed, this being shown analytically by the increase of 
the assumed aspect ratio A by the variation of the induced parabola of a blade 
(Fig. 9). 

This aspect ratio is a minimum when the machine is stationary and reaches 
the value already shown 

A,=1/7 [h,N+1)/N+2h,]. 

In forward movement, when the airscrew makes a complete turn, it advances 

V/n, and sweeps out a total area 
S!=7D?/4+ VD/n=(aD?/4) (1+ 4 V/anD). 

The relation between the actual surface s=h, (7D?/4) of the blades and this 

surface is 
s/S'=h,/(1+4 V/anD)=h,/(1 + 1.28 y). 

Formula (1) shows that provided a higher value of h, is obtained by adding 
to it the residual solidity h,, it is precisely this characteristic relationship which 
enters into the calculation and causes, by its diminution, the increase of A as a 
function of the forward speed. 

Finally, if it should become too great, one would reach a limiting assumed 
aspect ratio, 

(ho/N+h,) 
which only differs from the geometrical aspect ratio of the blade by the addition 
of the residual solidity h,. 

Fig. 9 shows also, in the case of gyroplanes with four and six blades, the 
very rapid increase of A with the parameter y of forward speed, the assumed 
aspect ratio becoming nearly 2.5 times greater when one passes from the fixed 
point (y=o) to y=3. 

In the expression (2) for the coefficient a, of thrust, the resultant of the speeds 
given in brackets (1+0.15 y?—0.o1 y*), the term o.o1 y* is small resulting from 
the passage of the blades in the circle of the speed reversals. 
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It is remarkable to confirm that, up to the limit y=a of the validity of my 
formulas, the inversion circle remaining entirely in the swept out circle, the 
passage of the blades in the circle only decreases, by a very small amount, the 
aerodynamic qualities of the airscrew while moving forward. 

Nevertheless, one naturally sees that, aerodynamic reactions being propor- 
tional to the square of the resulting speed, the receding blade, by reason of the 
small resulting speeds, is practically inoperative in the circle of inversion. 

The expression (3) of the power coefficient 8B supposes at each instant, 
equilibrium in horizontal flight between the thrust and the drag. It is to be 
noted that the engine power absorbed by the drag of the body and remaining 
parts is according to the formula (3) as a whole, deduced from integrations :— 

AW D*y / D? 
or, replacing y by V/nD and simplifying :— 
AW V3. 

This power is equal to that of a pull, with an efficiency equal to unity, whatever 
may be the parameter of translation y. 

This conclusion is only exact if we neglect, as I have done, quantities of the 
second order in relation to the inclination 6 of the axis of the airscrews, cos 0 
having, in my calculations, a value of unity and sin @ of 6. 

Fig. 10 shows the application of my formulas tested in the Eiffel laboratory 
from 1925-1927, for airscrews with an excessive solidity and a hub with a 
heavy drag, uw reaching a value of 3.9. 

Fig. 11 shows the variation of y=V/nD, plotted against the coefficients a, 
of thrust and 8 of power for two gyroplanes. One of considerable parasitic 
resistance, and having four blades, corresponds practically to the machine of 
which I have made a study. The other with six blades is the curve for a well- 
designed machine of the future. 

Fig. 12, for two types of gyroplanes, shows what the inclination 6 of the 
axis of the airscrews must be to ensure horizontal flight, independent of the 
density of the air. 

Fig. 13 shows, for the experimental gyroplane and for one of the future, the 
variations in the function of y=V/nD of the total L/D tan ¢, independent of 
altitude, and of the lift parameter q at sea level. It will be seen that q passes 
through a maximum when the parasitic resistances are least, this maximum 
being reached for a value of V/nD lessening when the resistances are greater. 
At the same time the lift drag ratio tan @ passes through a minimum and 
reaches a value of V/nD which is greatest when the parasitic resistances are 
least. One sees that, for machines which have been cleaned up as one expects 
in the future, this minimum is of the order of 0.11, for a value of V/nD in the 
neighbourhood of 2.5, and it is remarkable to confirm that, as far as one can see, 
the lift drag ratio remains practically constant and equal to its minimum. 


That is a definite advantage which the aeroplane does not possess and allows 
the gyroplane in cruising flight to increase its speed while conserving its power, 
in proportion as it becomes lighter by the fuel carried being consumed. 

It is, moreover, remarkable to confirm that when the apparent lift drag ratio 
tan @ is a minimum, the thrust inclination 6 of the axis of the airscrews remains 
practically constant and equal to 6°, corresponding to a slope of about 10 per cent. 
That can clearly be seen from the curves Figs. 12 and 13. 

Fig. 14 shows how the lift drag ratio, as a function of y=V/nD would vary, 
the thrust inclination of the airscrews and the lift coefficient at sea level of a 
gyroplane which would not have any parasitic drag (o=0). These elements 
correspond to a single revolving wing considered alone. 

The parameter q increases almost to a maximum of 0.64, obtained in the 
neighbourhood of V/nD=2, and lessens a little afterwards, to reach 0.615 for 
V/nD=3. The apparent lift drag ratio tan ¢, lessens steadily until V/nD=3, 
a value for which it reaches nearly its minimum 0.069. 
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The slope tan 6 of the inclination necessary for thrust corresponding to a single 
wing is less than tan ¢, until near V/nD=3, when these two quantities become 
equal. 

For any gyroplane R=R,+R, is the total resistance to forward movement. 
This is balanced by the inclination of the lifting propellers, R, being the resistance 
to forward movement due to the blades turning and R, the parasitic resistance 
due to the body, to the hub and to the remaining parts. 

The condition for thrust in horizontal flight gives, evidently tan 6=R/P. 
But, as the total apparent lift drag ratio is tan o= W) ‘PV, one deduces, by 
repla: ing, in the expression for tan 6, the weight P by R/tan 6. 

tan ¢=(W/RV) tan 6. 

It appears, from the curves for 6 and tan @, as one approaches the minimum 
for tan g, tan @ being greater than tan @, the necessary power W is greater than 
RV and, beyond that, W would be less than RV. 

This paradoxical result holds for a value R not from consideration of V but 
from consideration of V/nD. Where tan @ is a minimum, W/RP is nearly unity 
for a well designed machine, and in the neighbourhood of 0.5 for a gyroplane of 
high drag, such as we have been considering. 

Let us consider finally the truth of equation (6), the equation of power of a 
gyroplane which can be put in this form 

In this formula the parasitic drags only appear in connection with the total 
weight of the machine. 

For a well designed machine, one could take o/P=1/350,000 to 1/400,000. 
Equation (15) shows that, for a gyroplane with parasitic resistances, with a given 
weight and power, the greatest speed V would be obtained for a minimum lift 
drag ratio tan ¢, of the wing, for the greatest value of V/nD considered here, 
that is V/nD=z. 

The most favourable value of ~ would be unity, as can be easily seen from 
equation (6.2), although tan ¢, increases less rapidly with u, so that this coefficient 
is never greater than 1.5. 

I will suppose for example o/P= 1/400, i 6=0.74 (3,c00 m.), and that one 
could design the airscrews for a value of V/nD from 2.3 to 2.6, which would 
allow, practically, tan ¢,=0.072. The thay equation enables one then to 
calculate the power per kilogramme of total weight, or the weight per horse- 
power, as a function of the maximum speed at this height. 


ALTITUDE OF FLIGHT= 3,000 METRES. 
Max. speed km. h. ... 350 400 450 500 550 600 650 700 
Horse-power per 
kilogramme 0.116 0.140 0.149 0.200 0.235 0.276 0.320 0.370 
Total weight kilogs. 
per horse-power 8.65 7.13 5.92 5 $68 3:13 2:70 


I propose now to consider at what forward speed V the resulting speed at the 
extremity of an advancing blade does not reach the speed of sound. 

For a forward speed V and a peripheral speed of rotation znD of the blades, 
the resulting maximum aerodynamic speed at the end of an advancing blade is 

Ul'=V+anD=V (1+anD/V)=V (1+2/y) (16) 

It will be seen that for a given speed V, U’ will be least when y is greatest. 
In order that U’ should not reach the speed of sound, which would lower con- 
siderably the aerodynamic characteristics of the blades, it is advantageous, from 
this point of view, that y should be in the neighbourhood of z, this condition being 
also advantageous in other respects. If y=, U’=2 V, so that U’ reaches the 
speed of sound, 330 metres per second, when V reaches 165 metres per second, 
that is 595 kilometres an hour. 
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Fig. 15 gives, as a function of the speed at 3,000 metres, a comparison between 
the total lift drag ratios tan @ of a gyroplane of the future and a very good 
aeroplane, corresponding to C,,=0.018 and loaded 130 kilog. per sq. metre. ‘The 
total lift/drag ratio of the aeroplane is equal to its aerodynamic L/D, a well- 
known expression divided by the efficiency 7 of the airscrews which has been 
fixed at 0.77. It may be seen that the gyroplane is superior to the aeroplane 
when the speed is greater than 380 kilometres an hour and also at speeds below 
130 kilometres an hour, which are not possible to an aeroplane even when 
provided with the best possible lifting mechanisms. 

Fig. 16 follows on from the preceding and shows, as a function of the speed 
at 3,000 metres, the power required by an aeroplane and a gyroplane, and for the 
latter, the curve of the parameter q at this height, q varying inversely as ihe 
power. Between 130 and 380 k.m.h., the aeroplane requires less power to fly 
than the gyroplane, but the gyroplane would require, at 500 k.m.h. only 
2,900 h.p. as against 4,700 h.p. of the best aeroplane. 

Fig. 17 shows, as a function of y=V/nD, the variation of the forward spced, 
of the speed of rotation of the airscrews, of the power necessary and of the sum 
of the airscrew torques, for horizontal flight at 3,000 metres. 

Thus one has all the particulars of horizontal flight, from stationary flight to 
flight at maximum speed. 

It is worthy of note that, contrary to what happens for an ordinary airscrew, 
the number of revolutions per second of the airscrews of a gyroplane constantly 
decreases as the speed V increases, as is evident from the corresponding increase 
in the coefficient a, of the thrust. 

The peripheral speed znD of the blades also lessens as the speed V increases, 
since the sum V+anD can be considered nearly constant. Thus, for the gyro- 
plane under consideration the peripheral speed at a fixed point is 260 metres a 
second and at 480 k.m.h. the resulting speed V+znD would only be 274 metres 
per second, having only increased by 5 per cent. and remaining well below the 
speed of sound. 

This variation of the number of revolutions could evidently be lessened hy 
alteration of the incidence of the blades, but it is possible that it may be neces- 
sary to have a change of speed on gyroplanes of the future, in order to obtain 
high forward speeds. 

Figs. 16 and 17 show that the gyroplane requires the same power when 
stationary and at 450 k.m.h. and therefore, in one sense, it may be said this speed 
is being obtained for nothing. 

The necessary power is a minimum for V/nD=c.9, corresponding to a speed 
V of 225 k.p.h., whilst the torque of the airscrews is also a minimum at a little 
lower speed, so that V/nd=0.6 and V=150 k.p.h. 

Fig. 18 gives, for the tested gvroplane and the gyroplane of the future, the 
variation as a function of V/nD of the coefficient B/a, of the airscrew torque. 
As in the case of the aeroplane, the torque is a minimum at the ceiling, and it is 
also the most advantageous for flight with one or more engines stopped. 

Figs. 19 and 20 show, as a function of V/nD, the shape of the curves repre- 
senting the coefficients a,/y? and 8/y* of thrust and power which relate the 
thrust and power, not to the number of revolutions n, but to the forward speed 
V, as in the case of the aeroplane. 

Finally, Fig. 21 shows for the trial gyroplane and the gyroplane of the future, 
the polar diagrams in relation to the area of the swept out circle, in accordance 
with equations (10) and (12), the coefficient C, being defined by equation (11) of 
power and the coefficient C, by equation (13) of lift. 

The lift drag ratio tan @ and the lift parameter q are given, as a function of 
C, and C, by the equations. 

tan W/PV=C,/C, : (17) 
q = P3/?/dW z/8) (C,3/7/C,) (18) 
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When y approaches zero, that is to say, when the gyroplane is stationary, 
C, and C, indefinitely increase, the polar curve having a branch rising to infinity. 
Tan @ also then increases indefinitely, the asymptote being the axis of C,. The 
efficiency figure at sea level then tends towards a limit q,, so that the polar curve 
is asymptotic to the induced we Gare parabola :— 

Froude’s theory allows qo to be accurately 
evaluated when the machine is stationary and without interference from the 
ground. It supposes the induced speed uniformly distributed over the area of the 
swept out circle, of a value u on entering the circle to 2u on leaving. ‘The 
induced power is then Pu and the efficiency at sea level q,= /7/4=0.443. To 
this figure corresponds the induced semi-cubic parabola already indicated and the 
equation. 

C3" ‘ : (20) 

In the preceding I have shown that in order to obtain sufficient speed, it is 
necessary, both from the point of view of construction and stability, to articulate 
the turning blades at the hub, and I have given reasons for that. With rigid 
blades for a high speed of flight, the great differences in thrust as the blades turn 
cause periodic deflections which would only be safe with a very heavy structure 
and difficult to put into practice. At the same time, without doubt, one would 
not be able to avoid dangerous vibrations. The calculations of which I have 
given the results assume, from the aerodynamic point of view, that the blades 
are rigid, and do not take into account, therefore, the effect of the flapping 
allowed by the universal joints. The analysis of this is a difficult problem. 

I will only indicate here why these flapping movements, even at high forward 
speeds, have very little detrimental effect on the lift/drag ratio such as I have 
calculated. I will show, moreover, the necessity, from the aerodynamic point 
of view, of allowing the blades a double freedom, around the two vertical axes, 
one in a meridian plane and the other in a parallel plane, in order that one can 
recover the power brought into play. 

It is known that, if a wing in steady forward movement is allowed to oscillate, 
one can obtain a lessening and even a complete loss of drag by the combination 
of the oscillation of the aerodynamic resultants with the variations of incidence. 
The lessening of the necessary power for forward flight is due to the power 
required to maintain the oscillation with an efficiency of propulsion entirely a 
function of the effective aspect ratio of the wing. The efficiency is improved if 
the wing oscillates round an axis parallel to the span, by lessening the variations 
of incidence, and approaches unity if the aerodynamic incidence is kept constant. 
In this limiting case, the effect of the oscillation would be nil, as would be the 
power necessary to maintain it. 

In the case of the gyroplane, the flapping motion is free, being produced by 
the variations of the resultant air speed. 

The blades, doubly articulated, can oscillate in a meridian and a parallel plane. 
Although the airscrew may be at an angle, I will call the first flapping ‘‘ vertical 
flapping ’’ and the second ‘“‘ horizontal flapping.’’ When a blade is moving in 
the same direction as the aircraft, it rises with a certain phase, and so reaching, 
for one of its points, a speed v which is combined with the air speed U’. The 
resulting air speed, unless it is considerably altered, is thus inclined towards the 
‘* vertical ’’ at an angle e=v/U’. 

It follows that the coefficient of drag in the plane of rotation is increased by 
the component ec, of the coefficient of thrust, at the same time as the incidence 
is diminished by e. But I have made the calculations by introducing an average 
lift coefficient, taking into account the natural and controlled variations of 
incidence. By consideration of these figures, after what has been said, it can be 
seen that the drag in the plane of rotation is increased when the blade is moving 
forward in the direction of motion, 
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This is reversed outside the inversion circle of speeds, when the blade recede 
but as the resulting air speed is then less, it is not compensated for. Besides, 
inside the inversion circle the thrust being negative, the drag is increased. ‘he 
amplitude of this flapping is a function of the strength of the forces which cause 
it, made up of the centrifugal force and the weight of the blade. When the 
blade is driven backwards, at the speed of the machine, it is perpendicular to the 
axis of rotation and even, by virtue of its inertia, a little inclined downwards. 
At a uniform pitch the maximum deviation is reached nearly in the most forward 
position and the greatest speed of lift in the meridian perpendicular to the forward 
movement. 

In practice, by our patented arrangement, the amplitude of these vertical 
flappings is limited by automatically diminishing the pitch, by the action of an 
eccentric arm, in direct proportion to the elevation. The speed and the maximum 
deflections are then reached earlier. I will confine myself, on this subject, by 
giving the following fundamental phenomena, too little known, which are the 
basis of the theory I have made of the flapping. 

1. Every vertical beat develops, from the fact that it is added to the rotation 
of the airscrews, composite céntrifugal forces, perpendicular to the 
meridian plane of the beat, tending to cause the blade to move forward 
when it is rising and to move back when it is falling. Every vertical 
beat is then necessarily accompanied by a horizontal one, but of less 
amplitude, these two beatings not being in phase. 

2. The increase of power required for the rotation due to the increase of 
drag in the plane of rotation is compensated for, almost exactly by the 
power provided, in the vertical beat, by the displacement of the thrust. 

3. This gain is due to the work, in the horizontal beating, of the composite 
centrifugal forces which also play the part of transformers of energy. 
These composite centrifugal forces being due to the vertical beating, 
it is seen that the gain of energy can only be made by the combination 
of two beats, vertical and horizontal. 

This justifies the principle of double articulation, any fraction of the consider- 
able energy put into the vertical beat can only be transformed and recovered by 
leaving the horizontal beats free. 

I will give the mathematical proof of these fundamental propositions. 

The motion of the path of a blade being its rotation round its own axis at a 
uniform angular speed w, the vertical beat constitutes a relative motion and gives 
rise to complementary accelerations. 

Let 8 be the inclination to the vertical of the blade to the plane of rotation, 
v=rdB/dt the speed of rising of an element dm of the mass of the blade situated 
at a distance r, v making the angle 8 with the axis of rotation. The complex 
elementary centrifugal force on the mass dm is perpendicular to v and to the 
axis of rotation, therefore to the meridian of the blade and has a value, from 
the theorem of Coriolis :— 

. (21) 

If M is the total mass of the blade and r, the distance of its centre of gravity 


from the axis of rotation, Srdm= Mr,. The value of the resulting centrifugal 
force then is, by integrating over all the blade 

F,=207,MBdB/dt . ‘ (22) 

F, has the same value as if the mass were concentrated at the centre of gravity, 

which does not mean, as one would expect, that it would be applied at that point. 

If H=Mw’*r, is the centrifugal force on the blade during rotation round its 

own axis, one can write 
F,=2 H (8/w) (dB/dt) (23) 


which shows that this force can be relatively very important. 
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When the blade rises, this force, directed in the sense of the motion due to 
the rotation w, is a driving force. It is, on the contrary, a drag force when the 
blade falls and neutral, either when the blade is at right angles to the axis of 
rotation (@=o) or when its inclination is a maximum or minimum (d8/dt=o). 

At a given instant, by integrating along the length of the blade, the resulting 
couple in consequence of the articulation parallel to the axis of rotation, due to 
the centrifugal forces composed of elements dF, has a value 

J= XrdF,=2 wf (dB/dt) Sr?dm = 2 IwB (df /dt) (24) 
J=r?dm= Mp? being the moment of inertia of the blade in relation to the 
articulation and p the corresponding radius of gyration. It can be seen then 
that the force F, is applied at a distance a from the axis, such that aF,=9@. From 
equations (22) and (24) 


. ‘ (25) 
But if pg is the radius of gyration with reference to the centre of gravity 
Pe 
and 
+ ‘ ‘ ‘ ‘ (26) 


a well-known formula defining the centre of pressure in relation to the axis which 
is then the point of application of the force F,, farther from the axis than the 
centre of gravity. 

The centrifugal couple J also defined is periodic and important. It contributes 
directly to maintain the horizontal beats. 

Let Y be the deflection at time t of a horizontal beat, taken as positive in the 
sense of motion due to the rotation w, every beat having as a common period 
T=2:/w for each revolution of the propeller. 

I will demonstrate the following important theorem. 

The energy gained by the vertical beat at each revolution of the airscrew is 
exactly the work of the centrifugal couple J in the horizontal beat. 

The work of the couple J in the period is evidently the sum of the works T and T’ 
partly due to the rotation at an angular uniform speed and partly to the horizontal 
beating superimposed on this motion. 

The differential of the work T is 

dT= Jwdt=2 Iw*BdB=Iw*dB? (27) 
replacing 2 BdB by 

As the deflection 8, and its square, reach the same values at the end of an 
equal time in the period, it is seen that the work T is zero in this period. 

The complex centrifugal couple can only do work in the horizontal beat and 
the value of this work in the time T is 


T 
(dy/at) dt=2 To| (dB/at) (ay/at) at (28) 


It remains to show that this work is exactly equal to that of the aerodynamic 
thrust in the vertical beat. To show this I will write down the equation for a 
vertical beat. 

The blade turns with an angular speed »+dy/dt, so that the centrifugal couple 
due to an element of mass dm is 

dC,=r?dm (w+ dy/dt)? B (29) 

By neglecting (dy/dt)? before w? and 2wdv/dt and by intending always by I 
the moment of inertia of a blade in relation to an articulation and what is 
practically the same, as one considers one or the other of the two articulations, 
one will have 

C,= 1B (w? + 2 /dt) ‘ (30) 

If C, is the constant couple due to the thrust and C, the constant couple due 

to the weight of the blade, the differential equation of the vertical beat is 
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or, replacing C, by its value, 
I : (32) 

This equation is general, whatever may be the laws of variation of incidence 
affecting C,. 

In the vertical beat, the elementary work of the aerodynamic thrust lessens by 
that of the weight of the blade 

dT,= (C,—C,) dB=I { dB (d?B/dt?) + w?BdB +2 (dB/dt) } . 
But 


dB (d#8/dt*)=dB (d/dt) (48/dt)=(dB/dt) d (4B/dt) 
=4d (dB/dt)*, dB. 


be 

= 
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FIG. 23. 


One can then write 
dT, = 1 [4d . . (34) 
From the beginning to the end of the time, 8 and d§/dt, also their squares, 
have the same values, which make the two first terms give nil work in the time. 


The work gained in the time reduces to 


T, = 2lu| B (dB/dt) (ay/at) at 


which is precisely the value of the work T’ of the complex centrifugal couple J in 
the horizontal beat. 
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Note also that as the work of the weight of a blade is evidently zero in the 
period, the work 7” exactly represents what is recovered of the work of the 
aerodynamic thrust, 

It appears to be a definite fact, which I have shown rigorously and on general 
grounds, that the recovery of energy would only be made by combination of the 
two beats out of phase, horizontal and vertical and by interaction of the complex 
centrifugal forces. 

Without the freedom of horizontal beats no recovery of energy would be 
possible. 

This being shown, let us consider the gyroplane of the future whose principal 
characteristics I have indicated. 

It would be constructed on the lines | have already in mind. It would be a 
machine of 15 to 17 tonnes, which would have airscrews with three blades of 
25 metres diameter and an aspect ratio h,=0.07, and an area of 34 sq. metres. 

| have always taken w=1.5, the average coefficient C, of lift of the blade 
elements being 1.5 times that which corresponds to their design. The engines, 
four in number, placed in the same part of the machine, should supply, at 
3,000 metres, a total maximum of 3,600 h.p. The machine could fly at 3,000 
metres with only 2,000 h.p., at a speed of 250 k.p.h., but for 2,400 h.p. the speed 
would be goo k.p.h. The drag of the body and other parts correspond to that of 
a thin rectangular plane of o mq 56.* 

] have compared, as has been seen, such a gyroplane with an aeroplane of the 
same weight, the two flying horizontally at 3,000 metres and with full load. 

The schedule of weights, for similar type of construction is to the advantage 
of the gyroplane, as the revolving wings, undergoing no important stress due to 
flexing, are clearly much lighter than the fixed wings of an aeroplane. One 
could reckon a gain on the dead weights as about ro per cent. of the total weight. 
The aeroplane would require, to compensate for this additional weight, to have 
less powerful engines, and as a result would fly at a lower maximum speed. 

As far as regards cruising flight, moreover, it is necessary to consider the 
lessening of the weight of the machine as the fuel is consumed. It is then 
possible, by combining correctly the increase of height and that of y=V/nD, to 
arrive at the condition of flight for constant power, remaining within the limits 
between those where the total ‘‘ finesse’? tan @ varies little, this ‘‘ finesse ”’ 
remaining practically constant for quite wide differences of speed, as I have 
already shown. 

Under these conditions, the formula V=W/P tan @ shows that the speed 
increases continually in the inverse ratio of the total weight without the heights 
being reached at the end of the flight becoming excessive. 

If the consumption of fuel is 36 per cent. of the total weight, which corresponds 
toa range of 4,600 km. in still air, the speed of goo k.p.h. could exceed 625 k.p.h., 
or a mean speed of 500 k.p.h. 

Such a result could not be obtained with the aeroplane under consideration, 
for tan @ increases more rapidly than with speed for the gyroplane and it would be 
necessary then, in order to increase the speed, to reach a considerable height, 
at which it would not be possible to keep up the power of the engines. 


In fact, it does not appear possible, with the best aeroplanes, to foresee an 
average speed of 400 k.p.h. at 8,000 to 10,000 m. 

One could object that I have taken an aeroplane loaded at 130 kg. per sq. metre. 
But these are the figures to which one is actually led, and I have chosen, for a 
gyroplane, a little too great a diameter, leading at full load to a load per square 
metre of only 440 kg. for the blades. I have allowed for a margin for take-off, 
in order to be able, with engines stopped, to plane down as an autogiro, with 
autorotating wings, the load, in relation to the swept out circle, being only 


* As in original. 
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31 kg. per square metre, and also to fly, at the take-off, with one of the ‘four 
engines stopped. 

If an aeroplane loaded to 200 kg. per square metre could be realised, it would 
be necessary to launch it by catapult. The reduction of the wing surface implies, 
at the best, C,,=0.021. In this case, the gyroplane [| have considered would 
have, at 3,000 metres, a superior total ‘‘ finesse ’’ over the aeroplane only at 
speeds above 420 k.p.h. instead of 300 k.p.h. as stated. 

Independently of the advantages of speed and lightness of construction of 
gyroplanes, I must finally insist on those special qualities which only gyroplanes 
possess, which justify the experiments, even if the maximum speed does not 
exceed that of the aeroplane. 

1. Practical freedom from trouble due to air eddies, the flexibility of the 


turning articulating blades acting as a particularly efficient ‘‘ aero- 
dynamic suspension.”’ 

2. Since stationary flight is possible, no fear about loss of speed, and the 
ability, if there is a breakdown of the engines, of planing down as a 
lightly loaded aeroplane, as autogiros do. 

3. The ability to couple several engines to a central shaft and installing ihem 
in an engine-room, so that they can be constantly watched, and with the 
ability to declutch any engine at will. 

Being given the great speed reduction (10-20) between the engines and 
the airscrews, the reduction gear can be a simple worm gear mechanism 
already perfectly satisfactory and efficient. 

4. Possibility of vertical flight, from land or water. Gyroplanes would thus 
always be more or less amphibians. One can even envisage that the 
refuelling at sea could be carried out with less difficulty than for flying 
boats. 

Less space required at rest, as the articulating blades can easily be folded. 

Invaluable military uses, a gyroplane being able, when it is necessary, 
to make observations from an almost stationary position; small gyro- 
planes would appear well fitted for the control of gun-fire. 


on 


Moreover, for sea-going aircraft, gyroplanes of from 2 to 4 tonnes will 
advantageously take the place of flying boats, actually in use, launched 
by cumbersome and heavy catapults, and not necessary for gyroplanes. 


“I 


The use of large aircraft carriers will no doubt be no longer necessary. Gyro- 
planes, being less cumbersome when their wings are folded, could be stowed in 
greater numbers on each warship. 

Such attractive results could not evidently be obtained without overcoming 
certain difficulties of which I will not speak here, difficulties inherent in the 
beginning of any new enterprise. But I think it is my duty to put forward 
now what conclusions I have arrived at. 

They may surprise many people, even among those most accustomed to flying 
problems; but I am convinced that if they will study my formulas and reflect on 
the problem, they can only come to a similar conclusion to mine. 

I have perhaps been led to put forward, in my examples, qualities which will 
not be reached in the near future, but I have no doubt whatever about the general 
direction of my conclusions. 

I hope to have brought home to you my opinion that the problem of the gyro- 
plane should not be put off, but should be taken as a serious proposition. Success 
will come the quicker efforts are made, and it is to be hoped that France will stil 
hold the first place in this new stage in the progress of flight. 
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Issued by the 
Directorates of Scientific Research and Technical Development, Air Ministry. 
(Prepared by R.T.P.) 


No. 46. Aveust, 1937. 


Air Flow Round a Model. The Soap Bubble Method. (M.H. Redon and M. F. 
Vinsonneau, L’Aeron., No. 204, May, 1936, pp. 60-66.) (46/1 France.) 

Certain defects of the smoke method when applied to the study of a flow which 
is not two-dimensional, e.g., flow around a fuselage, particularly at the junction 
of wing and fuselage, has led to the development of a method which will show 
individual trajectories issuing from a single point in space. Use is made of 
resistant soap bubbles capable of traversing the whole field to be observed 
without bursting at any test speeds, and which are sufficiently light and small to 
follow the slightest changes in the aerodynamic field. A solution of 5 per cent. 
Marseille soap in distilled water gives bubbles capable of travelling the whole 
length (5.5 m.) of a wind tunnel. To ensure that the bubbles are sufficiently light, 
results obtained with them in two-dimensional flow are compared with results 
obtained by the smoke method and found to be identical. The emitting device, 
which can be moved at will in three directions at right angles, and the system for 
supply of air are fully described. Illumination is by a beam of plane parallel light 
and observation is in a direction perpendicular to this plane. One single trajec- 
tory then appears as a double luminous tract. Photographs are given showing 
the application of the method to study of the flow round simple bodies, round wing 
profiles, at the junction of wing and fuselage and to the study of a marginal vortex. 


Methods of Rendering Air Flow Visible. (S. Eicke and R. Wille, Forschung, 
Vol. 8, No. 1, Jan.-Feb., 1937, p. 10-12.) (46/2 Germany.) 

In order to render highly turbulent air streams visible, the suspended particles 
must possess very small rates of descent and at the same time be large enough 
to render short photographic exposure possible. 

It has been found that metaldehyde flakes (obtained by sublimation of the solid) 
are very suitable for this purpose. 

Various examples of stationary and non-stationary flow pictures are given, the 
air velocity exceeding 20 m./s. in some instances. 

The method also lends itself to three-dimensional investigations with the stereo 
camera. 


Buoyancy of Plane Gliding Surfaces. (F. Weinig, Werft-Reederei-Hafen, Vol. 
18, No. 9, 23rd April, 1937, pp. 115-20.) (46/3 Germany.) 

Possible methods of solving the problem of flow on gliding surfaces are briefly 
mentioned and the important case of plane surfaces dealt with by the hodograph’ 
method. A method for calculating flow on any curved gliding surface (the I—I 
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process) is described and experimental results are compared with the simple theory 
of lifting wings. It is shown that the pressures occurring in the case of a plane 
surface and an ideal fluid coincide to a great extent with those on the pressure 
side of thin lifting wings of similar form, so that the aerofoil theory can be applied 
to gliding surfaces for all conditions of flow so long as the effect of gravity is not 
taken into account. An attempt has been made to allow for this effect by an 
empirical interpolation formula »btained from the experimental results. 


Vortex Formation and Action of Forces on Rotating Turbine Blades. (E. 
Frietsch, V.D.I. Forschungsheft, No. 384, May-June, 1937.) (46/4 
Germany.) 

This work represents a further advance in explaining experimentally the con- 
nection between fluid motion and exchange of energy in a turbine. The forces 
and types of flow about a rotating paddle wheel in an open circular tank, having 
sources of flow placed symmetrically about the axis, are investigated under 
different conditions of flow and both are recorded adjacently on a film; a good 
insight is thus obtained into the connection between the detachment of vortices 
and the forces acting. The films show that in the case of pure displacement flow, 
the force varies with the same period as that of detachment of vortices. 
Logarithmic spiral forms of blade give particularly small vortex formation and 
therefore small resistance. Experiments with blade grids enable the effect ot a 
vortex on neighbouring blades to be seen; breaking away of a vortex can even 
cause a negative force effect on the subsequent blade. The experimental results 
are not only important in turbine construction, for explaining many abnormal types 
of operating conditions, but are of the greatest interest in general hydrodynamic 
problems. 


Non-Stationary Gas Flow in Pipes of Variable Cross-Section. (J. Aschenbrenner, 
Forschung, Vol. 8, No. 3, May-June, 1937, pp. 118-30.) (46/5 Germany.) 
In high speed steam or internal combustion engines, the velocity of the gas in 
the cross-sections of the valves or distributors varies very rapidly, and it is not 
possible to describe the movement by using only ‘‘ quasi-stationary ’’ formule. 
Methods of calculation for cylindrical tubes have already been given by F. Sasz, 
O. Lutz and A. Pischinger. In the present paper these methods of calculation 
are extended to tubes of variable cross-section. A graphical numerical method 
for dealing with non-stationary movement, with variable pressure and velocity, 
is developed. 


Experiments in Making Lines of Flow Visible. (A. Lippisch, 1935 Year Book of 
the Vereinigung fur Luftfahrtforsch., pp. 118-26.) (46/6 Germany.) 

Difficulties encountered in making flow visible in a satisfactory manner are 
discussed. The author uses the well-known smoke method, taking the greatest 
precautions (rectifier and wire gauge grid) to ensure that the flow in the wind 
tunnel is absolutely steady, so that a smoke trace is maintained throughout the 
whole length of the tunnel. For this it is essential that the smoke is introduced 
under pressure in front of the nozzle so that it emerges with exactly the same 
speed as the air in the tunnel. The smoke producing substance proposed is the 
preparation ‘‘ Euscol,’’ a peat-like plant substance which gives a very dense white 
smoke and has not the disadvantage of ammonium chloride fumes which stop up 
pipe lines due to deposition of the salt on the walls. The smoke-producing equip- 
ment is described and a series of photographs obtained by the method is given. 


The Evaluation of Gliding Surface Experiments. (A. Sambraus, 1935 Year Book 
of the Vereinigung fur Luftfahrtforsch., pp. 127-38.) (46/7 Germany.) 

Experiments with gliding plates were carried out with narrow plates and at 

highest possible Froude’s numbers, in order to explain the difference between 
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theory and practice in the case of long plates, i.e., to separate as far as possible 
the effect of gravity from that of finite angle of incidence. 
The results showed that :— 
1. At large values of Froude’s number comparison with a lifting wing remains 
valid at higher angles of incidence, than originally expected. 
2. Buoyancy is not a linear function of the angle of incidence. 
The experiments also confirmed the theoretical conclusion that in the case of 
short plates the effect of gravity is to increase resistance. 


Application of the Electrical Method to Some Questions of a Lifting Wing. (J. 
Pérés and L. Malavard, Sci. Aérienne, Vol. 5, 1936, pp. 361-73.) (46/8 
France.) 

The well-known electrical hydrodynamical analogy is applied to the solution of 
problems arising in the Prandtl first order wing theory, the particular problem 
considered being that of solving the monoplane equation experimentally by elec- 
trical means, instead of numerically. A simple electrical analogy is shown to 
exist for the basic integral equation giving the circulation distribution as a func- 
tion of the variation of chord and angle of attack over the wing span. An 
apparatus based on this analogy is described diagrammatically. It enables this 
equation to be readily solved for any finite number of points along the span. 
The results of a series of calculations made with this apparatus are compared 
with corresponding results obtained in a wind tunnel or calculated by Lotz’s 
method. The agreement is good in all cases. The time required for the solution 
of a definite problem is stated to be much less by the e'’ectrical than by the 
numerical method. 


Some Research Apparatus of the D.V.L. (Rudder Position, Effort Meter for 
Moving Controls, Force Recorder for Parachutes). (R. Sancery, L’Aeron., 
No. 204, May, 1936, pp. 97-102.) (46/9 Germany.) 

All the instruments operate on the ‘‘ scratch ’’ principle (D.R.P. 557, 378), 
in which records are made by a diamond on a glass or steel surface. Those 
described here are: 

Rudder Deflection Recorder.—This is generally attached to the fixed portion 
of the wing and records the deflection of rudder, elevator or aileron, the motion 
of the control surface being communicated to the diamond by means of a simple 
lever or strut. 

Effort Meter (Main Control).—This is attached to the joy stick and the effort 
is measured by the deflection of a spring and recorded by the scratch method as 
before. 

Effort Meter (Rudder).—Instruments are used in pairs, incorporated in the 
foot pedals and will operate in all flying attitudes. 

Parachute Opening Shock Recorder.—The instrument is fitted between the 
parachute and the dummy. The measuring element consists of a spring of very 
high natural frequency, the shock being recorded directly by the scratch method. 


(For an account of other D.V.L. instruments, see Translations Nos. 471-3.) 


Tail Wheel or Nose Wheel? (F. R. Stanley, Aviation, Vol. 35, No. 6, June, 1936, 
pp. 29-32.) (46/10 U.S.A.) 

The author investigates some of the causes of so-called ‘‘ ground looping,”’ 
ie., the instability observed with certain machines when landing in a cross wind 
and which causes them to swing violently after touching ground. The instability 
is largely due to the swivelled tail wheel whilst the nose wheel landing gear does 
not suffer from this defect. As ground stability is of great importance when 
landing blind, every attempt should be made to improve the stability of conven- 
tional types of landing gear in addition to carrying out experiments with the new 
nose wheel type. The author puts forward the following suggestions. The 
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ground stability of existing tail wheel landing gears could be improved by 
(1) locking or braking the tail wheel in landing; (2) further separating the front 
wheels; (3) increasing vertical travel of tail wheel so that it always hits the 
ground first; (4) modifying tyre treads so that side loads built up more readily 
on tail than on front wheels; (5) the conventional tail wheel gear can be made 
stable by swivelling the front wheels and keeping the tail wheel fixed; (6) witha 
stable tail wheel gear, it is best to land with brakes released until the tail carries 
some weight; (7) under the same circumstances steering on the ground might 
best be accomplished by steering the front wheels and have a non-swivelling tail 
wheel; (8) the ground stability of the nose wheel gear appears to be its most 
valuable asset. 


Tests of Maneuvrability and Description of the Necessary Instruments. (F. 
Haus, |’Aeronautique, No. 209, Oct., 1936, Suppl. 1’Aerotechnique, No. 
166, pp. 129-39.) (46/11 France.) 

Equipment for synchronous recording of all the variables influencing the flight 
of an aeroplane, and for testing its manoeuvrability, has been designed by M. 
Bouny, of the School of Mines, Mons. 

The method employed is that of cinematography of direct reading instruments, 
all of which are grouped on a panel measuring 550 by 460 mm. and placed hori- 
zontally in the aeroplane, the camera being fixed permanently opposite this panel. 
The equipment comprises:—Two speed indicators, one for each wing; two 
incidence recorders; two side-slip recorders; apparent gravity recorder (three 
components) ; angular velocity recorder (three components) ; position recorder for 
three principal control surfaces. The instruments are described and corrections 
to be applied to them discussed. The apparatus was used in test flights in a 
Fairey ‘* Fox,’’ and the readings obtained during various manceuvres (rolls, spins 


and movements in one plane) are discussed. 


An Analysis of Lateral Stability in Power-off Flight with Charts for Use im 
Design. (C. H. Zimmerman, N.A.C.A. Report No. 589, 1937-) (46/12 
U.S.A.) 

The aerodynamic and mass factors governing lateral stability are discussed 
and formule are given for their estimation. Relatively simple relationships 
between the governing factors and the resulting stability characteristics are 
presented. A series of charts is included with which approximate stability charac- 
teristics may be rapidly estimated. The effects of the various governing factors 
upon the stability characteristics are discussed in detail. It is pointed out that 
much additional research is necessary both to correlate stability characteristics 
with riding, flying, and handling qualities and to provide suitable data for accurate 
estimates of those characteristics of an aeroplane while it is in the design stage. 


The Focke-Wulf Helicopter. (Les Ailes, No. 838, 8/7/37, p. 4.) (46/13 
Germany.) 

According to information received a sensational helicopter flight has just been 
accomplished in Germany. The Focke-Wulf machine, piloted by Rohlo has 
reached an altitude of 2,500 m., and during a flight lasting 1 h. 20 min. it has 
covered a closed circuit of over 80 km. and a straight course of 16 km. at an 
average speed of 122 km./hour. Thus both the Breguet-Dorand and the scanio 
performances have been completely eclipsed. ‘The German helicopter, designated 
as F.W. 61, has two rotors placed on either side of a normal fuselage provided 
with a normal landing gear. The tail unit consists of a fixed horizontal plane 
placed below the rudder. 

The rotors are three-bladed and carried on steel masts. The drive is from a 
Siemens air-cooled radial engine Sh 14a (160 b.h.p.), which also drives a frontal 
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propeller. It is stated that the helicopter has been accorded the normal German 
airworthiness certificate as fulfilling all requirements. 

This sudden success of a machine which will rise and descend vertically and 
also possesses translational speeds comparable to that of a normal aircraft will 
mark a new era in aircraft development. 


Anti-Ice Devices. A Review of the Situation. (A. Faure and M. Rideau, Les 
Ailes, No. 839, 15/7/37, pp. 6-7.) (46/14 France.) 

The problem of icing is being studied by a Committee of the International Air 
Tratlic Association. As far as the propeller is concerned, the problem may be 
considered solved (glycerine compound admitted near the hub and distributed over 
the blades by centrifugal action). The problem of the leading edge of the wing is 
being attacked in several ways, but so far no complete solution has been found. 
Apart from mechanical devices (Goodrich de-icer) experiments have been carried 
out by covering the edge with certain grease compounds or by a continuous 
supply of chemicals which would lower the freezing point and thus cause the ice 
to melt. The grease paint will only be effective for a short time and there exists 
considerable difficulty in renewing it during flight. (Hopes that a highly polished 
surface would render the adhesion of ice more difficult were not borne out in 
practice.) Chemical lowering of the freezing point has been tried in England 
(Dunlop de-icer), but no definite information is available. A third alternative 
consists in applying sufficient heat to melt the ice. The article gives details of an 
electrical device for this purpose, which consists of a resistance network which 
is fastened to the parts requiring protection. The thickness of the heater (in- 
cluding insulator) is 3 mm. and the weight app. 1 kg. per sq. m. The energy 
consumption varies between 6co and 1,200 watts per sq. m. In the particular 
case of a 800 b.h.p. civil machine for which the Goodrich de-icers covered a surface 
of 7 m.*, the power required is thus app. 1 per cent. of the engine b.h.p. 


Is the Focke-Wulf a True Helicopter? (O. D. Asboth, Les Ailes, No. 839, 
15/7/37, pp. 7-8.) (46/15 France.) 

Asboth questions the German claims and is of the opinion that F.W. 61 is 
really a type of autogiro and not a true helicopter. The following are the main 
reasons for this statement :— 

1. Professor Focke has no experience in the design of lifting screws (high 
efficiency) and the type of rotors adopted (similar to that of Cierva) are 
not efficient lift producers. It is estimated that with the power available 
(160 b.h.p.) each rotor would have to be 19 m. diameter to reach the 
height claimed. 

. Judging from the photographs, each rotor is approximately 6 m. diameter 
only, and this is estimated to give not more than 1,200 kg. total lift. 
As the machine will weigh at least 1,100 kg., the net lift is insufficient 
to give the height claimed. 

It is probable that F.W. 61 only rose a few hundred metres as a true 
helicopter, and that the rest of the climb was carried out at a steep angle 
similar to that of an autogiro. 


to 
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Loads on the Wings and Tail Unit Due to Rapid Upward. Movement of the 
Elevator. (H. W. Kaul, 1935 Year Book of the Vereinigung fur Luft- 
fahrtforsch., pp. 163-77.) (46/16 Germany.) 

The loads on aeroplane wings and tailplanes caused by rapid upward movement 
of the elevators at different initial flying speeds, taken from published acceleration 
measurements in flight, are compared with approximate theoretical values, based 
on the static maximum lift coefficient and on the assumption that the speed remains 
constant until the elevator reaches its limiting position. It is found that the load 
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factor, derived from the measured acceleration, may be higher or lower than the 
calculated value according to the type of aeroplane. The rise in the dynamic 
maximum lift coefficient with increasing angular velocity tends to increase the 
wing load, while the reduction in flying speed during the manoeuvre decreases it. 
A series of test flights at the D.V.L. is described, also a scheme for future tests 
in which normal and angular accelerations and loads on the control column are 
to be measured. The order of magnitude of the loads on the tail unit is calculated 
for several cases from measured values of angular acceleration. 


Pressure-Distribution Measurements on an O—2H Aeroplane in Flight. (H. A. 
Pearson, N.A.C.A. Report No. 590, 1937.) (46/17 U.S.A.) 

Results are given of pressure-distribution measurements made over two different 
horizontal tail surfaces and the right wing cellule, including the slipstream area 
of an observation type biplane. Measurements were also taken of air speed, 
control surface positions, control stick forces, angular velocities, and accelera- 
tions during various abrupt manceuvres. These manceuvres consisted of push- 
downs and pull-ups from level flight, dive pull-outs, and aileron rolls with various 
thrust conditions. The results indicate that there is iittle, if any, dissymmetry 
of load on the tail due to slipstream rotation and that the up loads may be as 
much as the down loads. From the results of the wing investigation it was found 
that the relative efficiency of the wings depended upon the type of manceuvre. 


Flight Tests of the Drag and Torque of the Propeller in Terminal Velocity Dives. 
(R. V. Rhode and H. A. Pearson, N.A.C.A. Report No. 599, 1937.) 
(46/18 U.S.A.) 

The drag and torque of a controllable propeller at various. blade angle settings, 
and under various diving conditions, were measured by indirect methods on an 
FoC—4 aeroplane in flight. The object of these tests was (1) to provide data on 
which calculations of the terminal velocity with a throttled engine and the accom- 
panying engine speed could be based, and (2) to determine the possibility of 
utilising the propeller as an air brake to reduce the terminal velocity. The data 
obtained were used in the establishment of propeller charts, on the basis of which 
the terminal velocity and engine speed could be calculated for aeroplanes whose 
characteristics fall within the range of these tests. It was found that the pro- 
peller reduced the terminal velocity about 11 per cent. with the normal blade angie 
setting of 19.0° and about 35 per cent. with a 5.5° setting. Indications were 
that the terminal velocity could be still further reduced by using even lower blade 
angle settings. A method is given for the calculation of the terminal velocity 
with throttled engine and the engine speed. 


How Many Engines? (A. E. Lombard, Jr., Aviation, Vol. 36, No. 7, July, 1937, 
Pp. 30, 31, 63, 64 and 67.) (46/19 U.S.A.) 
Conclusions :— 

1. The safety of two-engine and four-engine transport when operating over 
land is essentially equal. Although after a power failure of one engine, the four- 
engined machine will still have three-quarters of its power while the two-engined 
has only half, this is‘more than outweighed by the difficulty in crew co-ordination 
for the four-engined machine. 

2. For a given size aeroplane requiring a certain total horse-power, the pay 
load, performance and operating costs are all best when the aircraft is designed 
to take the fewest number of the most powerful engines available. 

3. A four-engined aeroplane must be at least one-third larger than a two- 
engined aircraft of the same type in order to have equal efficiency based on pay 
load, performance, and operating cost per pay load unit. 
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Sixth International Air Meeting at Zurich. (Inter Avia, No. 454/5, 29/7/37; 
pp. 5-7-) (46/20 Switzerland.) 

The following German machines are of interest :— 

(a) Single seat fighter Messerchmitt Bf. 109. 
(b) Single seat fighter Heinkel 112. 

(c) High speed bomber Do. 17. 

(d) Fieseler Fl. 156 ‘* Storch.’’ 

(a) This won the climbing and diving competition, fitted with Daimler-Penz 
DB 600 engine (950 h.p.). Fitted with Junkers Jumo 210 (640 h.p.) the same 
type won the circuit race of the Alps. Both engines use petrol injection and 
are liquid cooled inverted 12-cylinder V type. The Daimler engine has three 
ducted radiators (two oil radiators, one on either side of the fuselage below the 
wing and a liquid cooler below the fuselage forward of the wing). VDM c.p. 
airscrews are fitted in each case. They are operated by means of two electro- 
motors and mechanical transmission. 

(b) The Heinkel is fitted with Jumo 210 engine of 64c h.p. 

(c) Do. 17 is fitted with two Laimler engines DB 600 of 950 h.p. each, main 
radiator below engine nacelle (ducted). Oil coolers (also ducted) below the wing. 

(d) This machine was specially built for slow flying (slotted auxiliary wing and 
slotted flaps). A blind landing can be effected at stalling speed without levelling 
up. Carried on a moving vessel, the aircraft can start (and similarly land) without 
any take-off (or landing) run. Power plant Argus AS 10C of 240 h.p. 


Variable Pitch Airscrews. British Patent No. 460,912 by Junkers. (Flight, 
Vol. 32, No. 1493, August 5, 1937, p. ‘‘ d.’’) (46/21 Great Britain.) 

In addition to a normal centrifugal control for the blade setting of a constant 
speed VP propeller, an over-riding control depending on the throttle opening is 
fitted. This control alters the tension of the governor spring and is directly con- 
nected to the throttle. In this way the datum line of the speed control is varied 
automatically with the fuel supply. 


On the Vibration of Projectiles in Flight, and Solution of the Differential Equa- 
tions Involved. (K. Popoff, Compt. Pend., Vol. 203, No. 3, 1936, pp. 
295-7, and Vol. 203, No. 5, 1936, pp. 359-62.) (46/22 France.) 

It is shown that the system of ordinary, simultaneous, differential equations, 
obtained by M. Burzio (Mem. Artillerie franc, Vol. 6, No. 3, 1927, pp. 295-7) for 
the movement of a projectile about its centre of gravity, can be reduced, in the 
case of the single Group III, to a system of integral equations of Volterra tvpe 
by making use of Picard’s method of successive approximations. This is very 
advantageous along the whole of the trajectory, particularly with respect to the 
convergence of the series developed. Integration by Poincare’s theorem (making 
use of integrals which can be developed as functions of a parameter), is possible 
by various methods. Thus, for example, one group of differential equations, if 
expanded into a series in terms of a parameter, can be converted into a system 
of linear differential equations which can easily be integrated. The parameter is 
such that when its value is unity the equations are replaced by the ordinary 
equations of external ballistics, not taking vibrations into account. From the 
solutions obtained a few conclusions are drawn regarding the movements of the 
axis of a projectile with respect to the tangent to its trajectory. (Translation 
No. 476.) 

Preparation for and Carrying Through of a Bombing Attack. (M. Piccini, 
Luftwehr, Vol. 4, No. 5, May, 1937, pp. 176-184.) (From the Italian.) 
46/23 Italy.) 

The author points out the considerable amount of preparatory work required 
before a bombing squadron can start. Much of this work is of a routine nature 
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and by proper peace-time training the time required can be cut down without 
danger to thoroughness. All detailed instructions should be in writing and 
wherever possible telephone messages should be recorded (gramophone). ‘he 
type of defensive tactics to be adopted against enemy attack (A.A. or fighters) 
should be carefully laid down. This applies especially to the machine gunners 
who must be trained to hold their fire till it becomes effective. Intercommunica- 
tion between the members of the bombing squadron should be by wireless, special 
sets with a limited range of 2-3 km. being employed for this purpose. Whenever 
possible photographs should be taken of the effects of the bombing attack and 
all data, including shortcomings, should at once be communicated to a central 
information bureau. The object of a raid is the destruction of the target. Any- 
thing else is a failure. It is essential to break with all traditions based on the 
last war. It is futile to say that we do not yet know how future air wars will 
be conducted. We can afford to give the fighting pilot in the single-seater a free 
hand to adapt himself to eventualities. The bomber, on the other hand, will only 
be successful if his tactics are clearly laid down before the start. 


Aerial Attack of Landing Grounds. (Wassiljew, Luftwehr, Vol. 4, No. 5, May, 
1937, pp- 184-6.) (From the Russian.) (46/24 U.S.S.R.) 

The object of a bombing attack on an aerodrome is to prevent enemy machines 
from taking off. The attack would usually be carried out at night and be followed 
by a day attack on the machines themselves. 

The author calculates the time required to fill up ten bomb craters spread evenly 
over a landing field 100 by 800 m. and concludes that it would take 300 men at 
least five hours to render the landing ground serviceable. As an alternative he 
suggests the use of wooden cover plates for the craters as this would reduce the 
labour considerably. 

It is the duty of the reconnaissance machine to locate the landing ground and 
for this purpose two or three machines of this type should precede the main 
bombing squadron. It is advisable wherever possible to carry out such attacks 
immediately after an enemy raid, i.e., when the enemy machines have just landed 
on their own aerodrome. 


Organisation of Supplies in Aerial Warfare. (O. Afanasijew, Luftwehr, Vol. 4, 
No. 5, May, 1937, pp. 186-9.) (From the Russian.) (46/25 U.S.S.R.) 

Modern fighting aircraft consumes a considerable amount of stores (fuel, oil, 
ammunition, spares). It is generally admitted that compared with the last war, 
the rate of consumption per aircraft has increased sixfold. The actual consump- 
tion per flight may vary between one ton and ten tons, depending on type of 
aircraft and operation in view. It is clear that such quantities require very careful 
organisation. Not only have sufficient stores to be available on the advance flying 
grounds, but subsidiary bases have to be available in the rear from which the 
consumption at the front can be made good. A further difficulty is provided by 
the aircraft requiring repair or overhaul for which provision must also be made 
in the rear. This continuous stream of inward and outward material must not 
interfere and matters are further complicated if the air forces have to undergo 
regrouping arising from changes in war conditions. The author strongly urges 
a complete separation of supply organisation from the fighting units and _ that 
this supply organisation should be effectively trained in peace time so as to cope 
with all conditions likely to arise in war. 


German Notes on Air Fighting in Spain. (Revue de l’Armee de |’Air, No. 94, 
May, 1937, p- 585.) (46/26 Germany.) 


1. Even in the case of foreign aircraft occupied by well trained foreign crew the 
bombing accuracy is very poor. 
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2. The high landing speeds of modern aircraft require special landing grounds. 


If these are previously bombed, landing becomes very difficult. Emergency 
jJandings nearly always cause the loss of the machine and crew. 


3. Machine gun fire in the air is onty effective for distances of the order of 
100 m. With the present high speeds, such distances are only maintained a 
fraction of a second, which is too short for effective fire. In the case of tail 
actions a longer time is available for gun adjustment. Such actions are, how- 
ever, only possibie by surprise and are consequently rare. All this points to the 
urgent need of a weapon which will increase the range to at least 800 m. 


Influence of a Magnetic Field on the Coefficient of Viscosity of Liquids. (S. D. 
Chatterjee, Indian J. Physics, Vol. 10, No. 5, 1936, pp. 399-401.) (46/27 
Great Britain.) 

The effect of a magnetic field on the coefficients of viscosity of a few non-polar 
liquids and monohydric alcohols is investigated. While compounds of the first 
class show no change in viscosity in magnetic fields, in the case of alcohols effects 
of different magnitudes were observed. Straight chain molecules, e.g., n-propyl 
alcohol, n-butyl alcohol and n-hexyl alcohol experience no change in viscosity ; 
molecules having side chains, é.g., iso-butyl alcohol and iso-amyl alcohol show 
an increase in viscosity; molecules of greater or less degrees of symmetry, ¢.g., 
iso-propyl alcohol, secondary butyl alcohol and tertiary butyl alcohol showed 
changes too small to be determined with the apparatus used. 


The Influence of Pressure on the Speed of Normal Flame Propagation. (L. 
Khitrin, Techn. Phys., U.S.S.R., Vol. 3, No. 11, 1936, pp. 926-39.) 
(46/28 U.S.S.R.) 

The linear speed of flame propagation decreases with increasing pressure in the 
case of mixtures of benzene and ether with air. The mass velocity of flame pro- 
pagation increases with increasing pressure, according to a relationship of the 
type M=K,/p+K,, where K, and K, are constants. It is claimed that analysis 
of the results obtained by Ubbelohde, when using the burner method with mixtures 
of CO, C,H, and C,H,, confirm the effects observed in the present experiments 
and the formula suggested for the relationship between pressure and the value of 
mass velocity of flame propagation for mixtures with air. 


The Process of Flame Propagation in ‘* Constant Pressure Bombs.’’ (L. Khitrin, 
Techn. Phys:, U.S.S.R., Vol. 3, No. 12, 1936, pp. 1028-33.) (<2/29 
U.S.S.R.) 

The values for speeds of combustion of mixtures of oxygen or air with CO, 
CH, and other gases, obtained by Stevens by the soap bubble method, differed 
from those obtained by the burner method. The soap bubble method has there- 
fore been investigated more closely. The gas mixture was ignited at the centre 
of the soap bubble by a spark. The process of combustion was photographed on 
a stationary plate which was illuminated intermittently by a rotating perforated 
disc. The photographs showed concentric rings at equal distances apart, from 
which it follows that (1) the speed of combustion is constant, and (2) it is the 
same in all directions. ‘The speed of combustion measured in this way is too 
high because the outward flow of the gas is superposed on the actual speed of 
combustion. The true speed of combustion is given by u=u, x7,°/r.°, where u, 
is the speed as obtained by photographic measurement, r, is the radius of the 
soap bubble before combustion and r, its radius after combustion (shown by the 
radius of the outermost bright ring). The speeds obtained in this way agree well 
with those obtained by the burner method. 
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The Flow Resistance of Lubricating Oils at Low Temperatures. (S. Erk, Phys, 
Zeit., Vol. 38, No. 12, 15th June, 1937, pp. 449-53-) (46/30 Germany. } 

The flow resistance of lubricating oils at low temperatures is an important 
factor in determining the power required to start an engine and to maintain 
lubrication both in the case of gravity and of pressure lubrication. The usual 
testing processes are unsatisfactory because they do not take into account all the 
engine requirements. Microscopic investigation of the process of solidification 
shows that the setting point coincides with the commencement of crystallisation 
of paraffin. Mechanical liquefaction is due to destruction of the crystal skeleton. 
In the case of the oil investigated two different kinds of paraffin compounds were 
observed, having different setting points and different crystal sizes; these pro- 
perties determine the flow resistance and flow limits of the oil. Both quantities 
have been measured with a capillary viscometer at various pressures. When the 
crystal skeleton is destroyed the solidified oil is again able to flow, but its Viscosity 
still depends on the rate of shear. Satisfactory criteria of the behaviour of 
lubricating oils on cooling can only be obtained by measurement of the flow 
resistance in relation to temperature and rate of shear. 


How Does the Fuel Burn in a Diesel Engine? (1935 Year Book of the 
Vereinigung fur Luftfahrtforsch., pp. 97-102.) (46/31 Germany.) 

Work carried out by O. Ho‘felder and K. Zinner is summarised (see Z.V.D.1., 
1932, 76, 1241; 1934, 78, 1007, and V.D.I. Forschungsheft, No. 374, 1935). 
Holfelder carried out bomb experiments in which the fuel was injected, for the 
period of a single working stroke, by means of a fuel pump operated by an electro- 
motor. The cylindrical bomb, containing air under the requisite temperature and 
pressure conditions, had two opposite vertical windows through which film records 
were taken of the atomisation, ignition and combustion processes. Results are 
given for ordinary gas oil and for tar oil mixed with gas oil. The former showed 
a longer combustion time in spite of a shorter ignition lag. The apparatus is 
considered to form a suitable basis for working out standard methods of [Diesel 
fuel testing. Zinner’s experiments, carried out with various pre-chamber engines, 
show that it is more economical to adjust an engine to the properties of the fuel 
than to attempt by chemical alteration of the fuel to suit a particular engine. 

Further work by Holfelder is being carried out for the German Air Ministry. 


Radiation from the Combustion Space of High Speed Diesel and Otto Engines. 
Investigation by Means of a Photocell Sensitive to Infra-Red Rays. (L. 
Bisang, Z.V.D.I., Vol. 81, No. 27, 3rd July, 1937, pp. 805-9.) (46/32 
Germany.) 

The method of following temperature changes in the combustion space of an 
internal combustion engine by means of a photo-cell, is very suitable for following 
the rapid temperature variations caused by gas vibrations in the combustion space. 
Radiation is received through a quartz window on to a photo-cell which is specially 
sensitive in the region of 1.0 » (infra-red). The usefulness of the method has 
been demonstrated in the case of both Diesel and Otto engines and a standard 
procedure is in course of development. 


A Preliminary Study of Flame Propagation in a Spark-Ignition Engine. (.\. M. 
Rothrock and R. C. Spencer, N.A.C.A. Tech. Note No. 603, June, 1937-) 
(46/33 U.S.A.) 

The N.A.C.A. combustion apparatus was altered to operate as a fuel injection 
spark-ignition engine, and a preliminary study was made of the combustion of 
gasoline air mixtures at various air fuel ratios. Air fuel ratios ranging from 
10 to 21.6 were investigated. Records from an optical indicator and films from 
a high speed motion picture camera were the chief sources of data.  Schlieron 
photography was used for an additional study. The results show that the altered 
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hys, combustion apparatus has characteristics similar to those of.a conventional spark- 
ignition engine and should be useful in studying phenomena in spark-ignition 
tant engines. The photographs show the flame front to be irregularly shaped rather 


than uniformly curved. With a theoretically correct mixture the reaction, as 


a indicated by the photographs, is not completed in the flame front, but continues 
the for some time after the combustion front has traversed the mixture. 

tion 

tion Study of the Crystal Behaviour of Hydrocarbons. (R. T. Leslie and W. W. 

on, Heuer, Bur. Stan. J. Res., Vol. 18, No. 6, June, 1937, pp. 639-44.) (46/34 
ere U S.A.) 

— The construction and operation of a microscope for the observation of the 
tes growth of crystals at low temperatures are described. Photomicrographs of nine 
the aromatic, six cyclo-paraffinic, eight normal paraffinic and five branched chain 
a 3 paraffinic hydrocarbons of known structure were obtained. It was shown that 
ol successive members of the homologous series of normal paraffins did not differ in 
low crystal appearance. It was observed, however, that condensed molecules tended 

to crystallise in polyhedrons of about equal dimensions, whereas molecules with 
long chains tended to form long prisms. Mixed molecules showed modified forms 

the depending on the relative influence of the chain and the condensed groups. 

ms Effect of Air Humidity on Octane Number Determinations. (J. R. MacGregor, 
shes Oil and Gas J., Vol. 35, No. 37, 1937, pp- 164-5.) (46/35 U.S.A.) 

ro- Apparatus for ensuring constant moisture content of the combustion air when 
ind working with the C.F.R. motor is described. Tests were carried out with straight 
rds run petrol, petrol-benzol, petrol containing tetra-ethyl lead and an octane-pentane 
are blend. The compression ratio was adjusted to that of a petrol-benzol mixture 
ed having an octane number of 65 when the atmospheric humidity was 35 grammes 
is water per kilogramme of air. Within a humidity range of 2-23 grammes water 
sel per kilogramme air, the octane ratings varied as follows :— 

es, For a 6 32.5 per cent. octane-heptane blend, by 5.1 units. 


7-57 
uel For a 55- 45 per cent. petrol-benzol blend, by 7.9 units. 
For 100 per cent. cracked petrol, by 7.9 units. 
Variations of 2.5-3.4 units in octane number were caused by changing the air 
pressure by about 25 mm. Hg. at constant humidity. The observations explain 
the lack of agreement between octane numbers determined by different workers. 


a Mechanism of the Formation of Engine Carbon in Internal Combustion Engines. 

o (A. Maillard and W. Edelberg, Ann. Off. Nat. Camb. Lig., Vol. 11, 1936, 

pp. 1117-26.) (46/36 France.) 

.e, The extent to which lubricating oil burns in an engine with deposition of carbon 

Hy was investigated by employing hydrogen as fuel and determining CO, and H,O 

as in the exhaust gases. Only a small percentage of the total oil consumption was 

rd due to its combustion. About the same amount of carbon was formed when 
using fresh or used oil. When petrol was used as fuel a hard, lightly adhering 
deposit was formed on the piston. Carbon would not adhere to the latter when 

I. arich fuel mixture was employed. 

7.) 

Physical Properties of Surfaces IV—Polishing, Surface Flow, and the Formation 
yn of the Beilby Layer. (F. P. Bowden and T. P. Hughes, Proc. Roy. Soc., 
of Series A, Vol. 160, No. 903, 15/6/37, pp. 575-587-) (46/37 Great Britain.) 
m The process of polishing is greatly influenced by the relative melting point of 
m the polisher and the solid. The relative hardness is comparatively unimportant. 
yn Experiment suggests that surface flow is brought about by an intense local heating 


d of the surface irregularities to the melting or softening point. The molten or 


| 
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softened solid flows or is smeared over the surface, and very quickly solidifies to 
form the polished Beiiby layer. 

These local high temperatures also play an important part in the wear and 
corrosion of sliding surfaces. 


Elastic Couplings and Their Mode of Operation. (V. Rembold and J. Jehlicka, 
Forschung, Vol. 8, No. 3, May-June, 1937, pp. 109-118.) (46/38 Germany.) 
The spring characteristics and construction of elastic couplings have a great 
effect on uniform running of shafts. To determine this effect, four types of 
couplings have been investigated in a certain combination of shafts and vibrations 
measured by a Geiger torsiograph. Results are shown diagrammatically. The 
behaviour of elastic couplings changes during operation if the parts are liable 
to wear and become deformed. It is important that the coupling should be built 
into the shaft in such a way that any play which is present originally or arises 
during running does not cause too great jolts. This can only be done on the 
basis of careful calculation of vibration, since the type and extent of vibration are 
greatly affected by the construction of the coupling. Accurate workmanship and 
careful fitting together of couplings will avoid the main disturbances even in small 
shafts. 


A New Accelerometer and the. Measurement of the Starting Phenomenon by 
Vibrographs. (G. Gerloff, Forschung, Vol. 8, No. 3, May-June, 1937, 
pp. 143-52-) (46/39 Germany.) 

The question of how far it is possible to measure exactly the commencement of 
vibration by means of vibrographs is discussed. A new type of accelerometer is 
described, which differs from the two types hitherto used, namely, the quartz 
piezo-electric and the carbon-pressure 2ccelerometer, in utilising the variation in 
electrical resistance of wires under stress. Results obtained in practice with the 
instrument are satisfactory. 


Relaxation Methods Applied to Engineering Problems. I.—The Deflexion of 
Beams Under Transverse Loading. (K. N. E. Bradfield and R. V. South- 
well, Proc. Roy. Soc., Vol. 161, No. 905, 15/7/37, pp. 155-180.) (46/40 
Great Britain.) 

The power of relaxation methods has been demonstrated in relation to frame- 
works and continuous beams, but their scope is at present restricted to members 
having uniform flexural rigidity, for the reason that orthodox methods are not 
able to provide general solutions of the problems considered in this paper. Here, 
with the object of removing the restriction, two numerical methods are deve‘oped. 
They are quite general, and their accuracy as applied to a particular example gives 
promise of their being capable (possibly after slight modification) of solving more 
complex problems, ¢e.g., beams subjected to transverse and end loading in com- 
bination, the critical loads of struts, the natural frequencies of airscrew vibrations, 
etc. These problems it is intended to treat in subsequent papers. 


The Elastic Stability of a Thin Twisted Strip—II. (A. E. Green, Proc. Roy. Soc., 
Vol. 161, No. 905, 15/7/37, pp. 197-220.) (46/41 Great Britain.) 

The work of a previous paper on the elastic stability of a thin twisted strip has 
been corrected and extended to the consideration of the stability of the twisted 
strip when it is also subjected to a tension along its length. It is found that the 
strip becomes unstable at a definite value of the twist and that the instability is 
in the form of a number of loops superposed on the twisted strip in contrast to 
one loop in the case when no tension acts on the strip. The theory has been 
compared with experiment and satisfactory agreement between them is found. 
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Permissible Stress Range for Small Helical Springs. (F. P. Zimmerli, Depart- 
ment of Michigan, Ann Harbor, Engineering Research Bulletin, No. 26, 
July, 1934.) (46/42 U.S.A.) 

The following conclusions are drawn:—(1) For a given spring steel the 
endurance limit or stress range in torsion, as obtained by fatigue tests, using 
helical compression springs, is directly proportional to the ultimate torsional 
strength. (2) Raising the ultimate torsional strength of a given spring steel by 
lowering the drawing temperature raises its available stress range. (3) No rela- 
tionship appears to exist between the proportional limit in torsion and the 
endurance limit. (4) Variations in mill practice in the manufacture of a spring 
steel will often produce variations in the fatigue resisting properties of the steel. 
(5) Cold-drawn steel spring wire, as now produced, has lower stress range than 
heat-treated steel spring wire of the same ultimate torsional strength. (6) Chrome- 
vanadium steei had the highest stress range of any of the steels tested. (7) Silico- 
manganese steel and high manganese carbon steel are superior to straight carbon 
steel, but are not equal to chrome-vanadium steel. (8) Low carbon, 18 per cent. 
chromium, 8 per cent. nickel (stainless) steel has a fatigue resistance nearly as 
low as non-ferrous materials. 

Author’s Note.—This range is being increased now by new drawing methods 
so that the material is approaching in fatigue the lower quality hard drawn wires. 


Measurement of the Tension on the Surface of Stressed Constructional Parts by 
Means of Polarised Light, without Use of Models. (G. Oppel, Z.V.D.I., 
Vol. 81, No. 27, 3rd July, 1937, pp. 8c3-4.) (46/43 Germany.) 

The polarised light method for measuring strain, previously only applicable to 
transparent models, is now adopted to measure tension on the surface of opaque 
bodies. The surface is first polished or silvered and then coated with a layer of 
cellulose or natural, or synthetic resin, which is non-crystalline when free from 
strain, but when forced to change its shape exhibits a crystalline nature. The 
amount of surface deformation can be measured from the interference fringes 
formed when polarised light falls on the body. An example of the application of 
the method is given. 


The Nature of Polish. (G. I.. Finch, Trans. Faraday Soc., Vol. 33, No. 191, 
March, 1937, pp. 425-30.) (46/44 Great Britain.) 

The evidence upon which the idea of a vitreous-like nature of polish is based 
is reviewed. It is pointed out that the phenomenon of surface flow does not 
settle the question as to the state, whether amorphous or crystalline, of the flowing 
material or final polish layer. The fact that metallic polish yields halo patterns 
by electron diffraction is also inconclusive, because not only amorphous, but also 
certain crystalline metal films behave similarly. The ability of metallic polish 
to dissolve metal crystals, not exhibited by corresponding crystalline films, strongly 
supports the view of the amorphous state of both surface flow and polish, as does 
also the fact that the temperature of flow is limited by the melting point of the 
metal. 


Compensation of Strain Gauges for Vibration and Impact. (W. M. Bleakney, 
Bur. Stan. J. Res., Vol. 18, No. 6, June, 1937, pp. 723-9.) (46/45 U.S.A.) 

In general, a strain gauge, when attached to a vibrating member, undergoes 
deformations on account of the inertia of its parts, and these may cause serious 
errors in the strain readings. It has been customary in the past to decrease the 
mass and increase the rigidity of the gauge in an effort to minimise these deforma- 
tions and correct for the small resulting error. It is, however, frequently not 
feasible to construct a gauge sufficiently light and rigid to make this possible. 
This paper describes methods for so adjusting the ratio of inertia to rigidity of 
the parts of the gauge that these deformations are compensated. The indication 
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of the instrument may thus be made independent of any acceleration of the gauge 
as a whole. 


The Determination of Size Distribution in Smokes. (H. S. Patterson and W, 
Cawood, Trans. Faraday Soc., Vol. 32, No. 8, 1936, pp. 1084-8.) (46/46 
Great Britain.) 

A photometric method and a direct method of comparison, called the ‘‘ graticule 
method,’’ for determination of size distribution of smoke particles are described, 
In the latter method a small rectangle of known size is superimposed on the image 
of the precipitated smoke in a microscope; along both sides of the rectangle, on 
the outside, there is a series of circles or black discs, graduated in known sizes, 
The smoke particles visible within the rectangle (on an average only six) are 
counted and allocated to the appropriate circles or discs used for comparison, 
This process is repeated about fifty times in order to arrive at satisfactory 
statistics. A range of particles varying in radius by 1.107° to 25.107° cm. corre. 
sponds to each circle. Results obtained in this way with an MgO smoke are 
plotted graphically and briefly discussed. 


Sorption of Fogs by Liquids. (H. Remy, Trans. Faraday Soc., Vol. 32, No. 8, 
1930, pp. 1185-90.) (46/47 Great Britain.) 

The relationship between the reduction in concentration of a fog when bubbled 
through a liquid and the height of the liquid column is expressed by a theoretical 
formula. The latter has been tested and confirmed by experiments on the sorption 
of sulphuric acid vapours (mist) in sulphuric acid and soda solutions. The rela- 
tionship between the absorption coefficients of the mist and the conditions of flow 
has also been determined experimentally. These and previous experiments show 
that the deciding factor for reduction in concentration when passing through the 
liquid is not sedimentation, but turbulence of the carrying gas. Similarly, the 
difference between the sorption capacities of these solutions and that of pure 
water does not depend on the effect of velocity of sedimentation. 


Aircraft Struck by Lightning. (Inter. Avia., No. 444, 22/6/37, p. 9.) (46/48 

Belgium: A three-engined Savoia S-73 air liner belonging to Sabena was struck 
by lightning on June 17, while on its way from Brussels to Prague; sole conse- 
quence, wireless installation damaged.—Great Britain: A four-engined DH-86 of 
British Airways was struck by lightning on June 17, while flying from Paris to 
Croydon, shortly before reaching the English coast; consequence, the fabric of 
the under part of the fuselage was stripped off, but the frame and undercarriage 
were not affected.—The third report was received on June 18 from the Junkers 
works and deals with a stroke of lightning in a twin-engined Junkers Ju-86 air- 
craft fitted with Diesel engines which was being flown to Australia and was over 


Australian territory. At an altitude of about 4,oooft. the aircraft flew into thick 
clouds without a thunderstorm being suspected. All of a sudden a disc of light 


of a yellowish-reddish colour and measuring about 2ft. in diameter flared up at 
the nose of the fuselage and the cabin was illuminated as if by photographic flash- 
light. Consequence, after the landing it was noticed that in the left aileron a 
piece of the outer covering of the size of a coin had melted away, from which it 
was concluded that the stroke of lightning had passed from the left aileron 
through the whole machine to the nose of the fuselage. 


Lightning (with Discussion). (B. L. Goodlet, J. Inst. Elect. Eng., Vol. 81, 
No. 487, July, 1937, pp. 1-56.) (46/49 Great Britain.) 

The first part of this paper deals with lightning as a physical phenomenon. The 

formation of thunderclouds is associated with convectional instability of the 

atmosphere, the separation of charge being effected by the resulting upward 
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currents of air. Lightning strokes usually discharge negative electricity into the 
round and consist of a preliminary ‘‘ leader ’’ stroke from cloud to ground 
followed by a powerful return stroke from ground to cloud. A complete flash 
usually consists of a sequence of such double strokes separated by time intervals 
of the order of 1o~? sec. The distribution of flashes to earth under a storm 
centre is influenced by the distribution of space charge above the ground and by 
discontinuities of conductivity in the ground itself. 

The second part of the paper deals with the effects of lightning strokes on 
overhead transmission lines. 


Thermal Gliding. (W. Georgii, 1935 Year Book of the Vereinigung fur Luft- 
fahrtforsch., pp. 332-9.) (46/50 Germany.) 

The possibilities of soaring flight in thermal currents have been demonstrated 
under a variety of meteorological conditions. Powerful vertical air currents can 
be produced by local isolation of the ground, especially about mid-day in warm 
calm weather. In the evening thermal currents are mostly confined to altitudes 
above the inversion zones which form in the lower strata as the ground cools. 
Regular cloud streets, indicating vast regions of coherently rising currents, often 
accompany the influx of moist unstable air of maritime origin. They are most 
favourable for fast long distance cross-country flights. Over the tropical oceans 
an abundance of thermal vertical currents has been discovered. Tests to explore 
these by means of a hydro sailplane towed by aeroplane from a flight base ship 
stationed in mid-ocean are being prepared. At high altitudes thermal rising 
currents occur even in winter and at night. 


P.A.A. Direction Finder. (Aero Digest, Vol. 30, No. 40, April, 1937, p. 62.) 
(46/51 U.S.A.) 

The Pan-American direction finding is a development of the well-known Adcock 
system. The wave length (qualified as short) is not stated. The aircraft sends 
out a signal (long dash) and the ground station determines its bearing, position 
and direction of flight, using a 4-foot antenna array, approximately 15o0ft. square. 
Direction of the incoming signal is determined by a search coil goniometer and 
the slight octantal error of the system is kept to a minimum by selecting an 
electrically satisfactory site and finally eliminated by calibration. An effective 
range up to 3,800 miles is claimed. It is stated that difficulties due to night 
effect, fading, tropical static, rain and snow static (but not sunrise and sunset 
effect) are overcome. 

It is stated that the equipment will be available for installation only within the 
U.S.A. and its possessions. 


R.M.A. Specification for Testing and Expressing the Overall Performance of 
Radio Receivers. (J. Inst. Elect. Eng., Vol. 81, No. 487, July, 1937, pp. 
104-22.) (46/52 Great Britain.) 

The tests are partly electrical and partly acoustic. Such points as sensitivity, 
selectivity, noise, automatic volume control, frequency response, acoustic sensi- 
tivity, hum and acoustic output are considered. 


The compilers of the specification have applied the various tests to their own 
products and have obtained satisfactory agreement between measurements made 
on the same receivers in different factories. Satisfactory agreement has also 
been obtained between response curves obtained in various damped rooms and in 
the open air. It is hoped, therefore, that the specification, though necessarily 
imperfect, is a practical document which manufacturers can safely apply and on 
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which governmental and other bodies may reasonably be expected to base their 
requirements. 


The Return of Radio Waves from the Middle Atmosphere—I. (R. A. Watson 
Watt, A. F. Wilkins and E. G. Bowen, Proc. Roy. Soc., Vol. 161, No. 905, 
15/7/37, PP. 181-196.) (46/53 Great Britain.) 

Observations spread over a year from May, 1935, have established the existence 
of sustained stratified electrification, of such ionisation density and gradient as 
to return radio waves of frequency 6-12 Mc./sec. at vertical incidence, at a variety 
of levels in the troposphere and the stratosphere. Strata persisting without sub- 
stantial change of level for at least several days have been identified at such 
heights as 8.5, 9.3, 10.3, 10.75 and 13.5 km. with reflexion coefficients of the 
order of c.7, giving measurable echoes up to the tenth order, beyond which they 
are not readily distinguished from ionospheric echoes. Apparently independent 
stratification at 45-50 km., with a reflexion coefficient of 0.3 for 6 Mc./sec. waves, 
and in the D region at and above 60 km., are also recorded. Reflexions from 
all these regions are obtained, with significant reflexion coefficients, at and above 
the frequencies proposed for television services. The ionisation does not fall to 
very low values at night, and has no seasonal variation of large amplitude. 
Evidence is given of replenishment around the 20-30 km. levels by local 
thunderstorms. 


A New Theory Concerning Aircraft Static. (U.S. Air Services, Vol. 22, No. 7, 
July, 1937, p. 28.) (46/54 U.S.A.) 
Till recently it was believed that the static was caused by charged particles of 
ice, snow, rain or dust striking the metallic surface of the plane in flight. 
According to experiments carried out by United Air Lines, the atmospheric 
static heard in the air pilot’s earphones is caused by the discharge from the 
trailing edges of the wings and tail surfaces of the static already gathered from 
certain cloud formations. 


Portable Picture Transmission Apparatus. (W. Keller, Z.V.D.I., Vol. 81, No. 
29, 17/7/37, p- 861.) (46/55 Germany.) 

The apparatus is intended for the transmission of pictures over normal tele- 
phone lines and has been developed for newspaper work by the German Post 
Office. The whole apparatus can be carried in two normal suitcases. Since the 
frequency range of telephone lines does not extend low enough for picture 
frequencies (500/sec.), a carrier wave with a frequency of 1,500/sec. is employed 
which is modulated by the picture frequency. The carrier frequency is obtained 
by a disc rotating in front of the photo-cell. The side bands are thus within the 
frequency range of the cable (300-2,600/sec.). The width of the frequency band 
is 1,300+ 550/sec. 


The Spitz Flight Recorder. (Inter. Avia., No. 452, 20/7/37, p. 4.) (46/56 
U.S.A.) 

The ground installation of this apparatus shows the movement of an aeroplane 
by a pin point of light moving on a translucent map and makes it possible to 
guide the aircraft past obstacles (blind landing). Electrical impulses emanate 
continuously from a short wave transmitter on board the aeroplane. These im- 
pulses are picked up on the ground by two instruments, a ‘‘ binaural selector ” 
which discloses the plane’s position and a ‘‘ divergence meter ’? which measures 
the distance (probably from the field intensity). 

The apparatus was recently demonstrated to American experts and quantity 
production is stated to be imminent. 
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Experiments with Underground Ultra-High Frequency Antenna for Aeroplane 
Landing Beam. (H. Diamond and F. W. Dunmore, J. Franklin Inst., 
Vol. 19, No. 1, July, 1937, pp. 1-20.) (46/57 U.S.A.) 

Experiments on the electrical properties of an ultra-high frequency transmitting 
antenna operating very near to and below the ground surface, are described. 
The object of the work was to locate the landing beam in the centre of an 
airport in order to secure a steeper approach path and to provide for landing 
service for different wind directions. The effect of proximity of the ground to 
the transmitting antenna upon the low angle distribution of energy in the radiated 
field and upon the polarisation of the field is described. An approximate mathe- 
matical analysis is given of the mechanism of setting up a landing path when 
the transmitting antenna is below the ground surface. 


The Sonic Locator. An Aid to Fog Navigation. (C. W. Rice, J. Amer. Acoust. 
Soc., Vol. 8, No. 1, 1936, pp. 30-33.) (46/58 U.S.A.) 

A 3,c00-cycle whistle is placed at the effective sound focus of a megaphone 
horn and serves as an emitter. In the case of ships, for example, the sound is 
sent out towards the horizon and eventual echos are heard by means of two 
listening horns, arranged parallel to the emitter on the same stand. Practical 
experiments gave very good results. For example, land could be detected at a 
distance of 550 to goo m. Smaller objects were also detected at fairly large 
distances, €.g., a rowing boat with three people at a distance of 370 m. For 
the method to be useful the following points must be observed :—(1) The frequency 
must be between 2,000 and 4,000 Hertz. (2) Acoustic filters are necessary on the 
receiving side to cut out disturbances. (3) The apparatus must be rotatable. 
(4) It is desirable that the range transmitted by the acoustic filter should be 
variable in order that eventually even fog signals, etc., may be picked up. 


Apparatus for Demarcating the Air Space Above an Aerodrome. (Allgemeine 
Elektrizitats Gesellschaft, D.R.P. 645, 922, 7/6/1937; from Flugsport, 
Vol. 29, No. 14, 7th July, 1937, Patent Sect., p. 24.) (46/59 Germany.) 
Apparatus for demarcating the air space above an aerodrome by means of sound 
rays radiated from opposite side of the aerodrome is claimed. The sound is 
emitted from several groups of megaphones arranged in fan formation in such 
a way that the outer limits of the sound lie along the direction of the boundaries 
of the aerodrome while the inner boundaries of the sound lie within a certain 
angle at a given height above the landing ground. Different sound signals are 
sent out from opposite sides of the ground and taken up by special sound 
receiving apparatus on the aeroplane, used preferably in conjunction with an 
acoustic height recorder. 


The Performance of Noise Meters in Terms of the Primary Standard. (B. G. 
Churcher and A. J. King, J. Inst. Elect..Eng., Vol. 81, No. 487, July, 
1937, PP- 57-90.) (46/60 Great Britain.) 

The paper discusses the performance of noise meters, such as are used for 
engineering measurements, in terms of the primary standard of ‘‘ equivalent 
loudness ’’? which has recently been formulated. The unit of equivalent loudness 
is the British Standard Phon. The technique for the basic determination of the 
equivalent loudness of a noise is discussed, and the Phon values for a number 
of specific noises of importance in engineering are given. The fundamentally 
important equal loudness relations for pure tones of differing frequency are con- 
sidered, and the results of some direct determinations in the free field are given. 
The performance of subjective noise meters is then examined for noises of 
various types. A meter using two telephone receivers, which offers some advan- 
tage over the more usual types, is described. The performance of the objective 
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type of meter is also examined. The measurement of noise associated with 
irregular sound fields is briefly discussed. 


Scattering of Light in the Near Infra Red. (D. L. Gamble and C. E. Barnett, 
Ind. and Eng. Chem. Anal. Ed., Vol. 9, No. 7, 15/7/37, pp- 310-314.) 
(46/61 U.S.A.) 

The present paper represents practical application of a method proposed by 
Pfund (J. Optical Soc. Am., Vol. 24 (1934), p. 143) for measuring the size of 
suspended particles from the study of light transmission curves. 

The results obtained are compared with direct microscopical measurements of 
particle size and it is noted that in the case of certain pigments the scattering 
method gives results in better agreement with practice (covering power). 

The method is limited in the case of coloured pigments by the relative absorp- 
tion which is superposed on the reflection and scattering phenomena. 

Ten references. 


German Accessories at the Brussels Aero Show. (Flugsport, Vol. 29, No. 12, 
9/6/37, PP. 307-310.) (46/62 Germany.) 
The firm of Bosch exhibited examples of light weight electrical apparatus :— 
(a) New double magneto for 12-cylinder engine weighs 7.9 kg., whilst 
the two normal magnetos weigh together 13.8 kg. 
(b) New 10 mm. spark plug weighs 16 gm. 
(c) 300-watt generator (375-watt for short periods) weighs 5 kg. 

The firm also showed an ignition system fitted with a vibrator-interrupter sup- 
plying a trail of sparks for starting. An interesting novelty exhibited by Messrs. 
Bruhn refers to dial instruments. Instead of the normal 360° deflection, the new 
type cover two revolutions (72c°). As the pointer passes the 360°, the scale 
which is visible through slots in the dial, is changed automatically. 


Causes of Fire in Dirigible Balloons. (A. Milhoud, Comp. Rend., Vol. 203, 
No. 2, 12th July, 1937, pp. 113-5.) (45/63 France.) 

The hypothesis is put forward that the ignition of airships during manceuvres 
prior to landing is due solely to the electrical phenomena associated with flow of 
gas containing small drops of water through a narrow orifice into the electrical 
field surrounding the airship. In these circumstances the sudden variation in 
surface tension experienced by the drops gives rise to electrical potentials which 
may be sufficiently high to cause sparking. The more rapid the change in 
surface tension, the greater is the electromotive force produced; it also depends 
on the pressure of the gas in the bag and the hydrometric, electrical and other 
physical conditions of the surrounding air. This phenomenon would take place 
quite independently of any contact with the ground. 
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ABSTRACTS OF PATENT SPECIFICATIONS. 
(Specially abstracted for the Journal by W. O. Manning, F.R.Ae.S.) 


Abstracts of Patent Specifications received by the Society are published in the 
Journal. It should be noted that these abstracts are specially compiled by Mr. 
W. O. Manning, F.R.Ae.S., for the Journal and are only of those actually 
received and subsequently bound in volume form for reference in the library. 
These volumes extend from the earliest aeronautical patents to date, and form 
a unique collection of the efforts which have been made to conquer the air. 

The Council accept no responsibility whatever for the accuracy of the abstracts 
and in any case of doubt the full patent can be consulted when necessary in the 
library of the Society. 

These abstracts are compiled by permission of the Controller of His Majesty's 
Stationery Office. Official Group Abridgments can be obtained from the Patent 
Office, 25, Southampton Buildings, London, W.C.2, either sheet by sheet as 
issued on payment of a subscription of 5s. per group volume or in bound volumes 
2s. each, and copies of full specifications can be obtained from the same address, 
price 1s. each. 


AEROPLANES—CONSTRUCTION. 

405,240. Improvements relating to Metal Acroplane Bodies. Messerschmitt, 
\V., Hannstetterstrasse 118a, Augsburg, Germany. Convention date, 
Germany, Dec. gth, 1935. 

The proposed body consists of a number of sections fitted into each other, each 
alternate section having each of its ends inwardly flanged, for stiffness, overlapped 
by the smooth ends of the intermediate sections. Each section is so shaped that 
the complete fuselage is of normal form. 


467,153. Lmprovements in and relating to Cockpit Covers for Use on Aireraft, 
Motor Boats and Ships, and in Similar Positions. The Fairey Aviation 
Co., Ltd., North Hyde Road, Hayes, Middlesex; Lobelle, Ludlow, 208, 
Langley Road, Langley, Bucks; Rees, E., Badgercroft, 8, St. Anselm's 
Road, Hayes. Dated Dec. 7th, 1935. No. 34,442. 

The cover when closed forms a continuation of the surrounding part of the 
body. It has pivoted to it and to the body two pairs of links of different length 
so that when the cover is raised about a virtual pivot its inclination is controlled 
by the links. A spring device is used to balance air pressure. 


406,064. Improvements in and relating to the Arrangement and Construction 
of Rudder and Tail Plane Unit of Aeroplanes or Other Aircraft. Martin, 
J... Higher Denham-sur-Uxbridge, Middlesex. Dated Dec. 2nd, 1935. 
No. 33,338- 

It is proposed that the rudder be formed as a continuation of the fuselage 
section, the forward end being radiused to fit into the fuselage so that there is 
no gap. The tailplane and elevator are arranged forward of the rudder and are 
relatively high up so that there is no interference and that the elevator need not be 
split. The tailplane is streamlined into the fuselage. 


845 


| 

| 

vith | 

t | | 
314.) 
ot 

| 


846 -ABSTRACTS OF PATENT SPECIFICATIONS. 


400,005. Improvements in and relating to the Construction of Aireraft Wings, 
Baynes, L. E., 144, Cromwell Road, South Kensington, London, § W.7. 
Dated Dec. 3rd, 1935.. No. 33,507. 


This specification describes a form of wing spar. The spar proposed is rect. 


angular, formed of four corner jongerons with cross-pieces and is covered on all 
four sides by a sheet material. 


400,709. Transverse Driven Bodies. Zugler, J. F., Haas Columbia, Portschach. 
on-\Worthersee, Austria. Convention date (Germany), Nov. 27th, 1034. 

The aeroplane wings proposed consist of an outer portion of aerofoil sections 
and an inner portion fixed in a hollow in the outer portion. It is claimed that 
the arrangement increases lift and does not increase, or may even reduce drag, 
The top and bottom surface of the outer portion have gaps and the upper part of 
the surface may be scaly so the outlets of the channels in this surface may be 
enlarged by the effect of the under pressure during slow flying. 


495,733. Improvements in Windscreens for Aircraft. Vickers (Aviation), Ltd., 
and Wallis, B. N., both of Weybridge Works, Brooklands Road, Wey- 
bridge, Surrey. Dated Nov. 12th, 1935. No. 31,266. 

It is proposed to provide a combined windscreen and cockpit cover comprising 

a single part hood shaped in plan so as to correspond with the opening’ in the 

cockpit and to cover this opening. It is to be shaped longitudinally and trans- 

versely to an arcuate form, and means are provided for mounting the hood so 
that it can be turned as a whole forwards about a lateral axis into a_ position 
in which it forms a convex windscreen. 


497,302. Improved Construction of Wing or Controlling Surface for Aircraft. 
Dr. Karl Michaelis, "I Hoenstraat 9, Den Haag, Holland. Convention 
date (Germany), June oth, 1936. 


In order to produce a plywood wing which has an unobstructed space for the 
accommodation of fuel machinery, etc., and also to enable the skin to withstand 
higher compression stresses, it is proposed to form the skin of the wing from 
two separated sheets of plywood each conforming to the desired section. The 
two sheets are connected by corrugated plywood fastened to each. 


403,498. A Steel Covering for Light Structures. Tichy, R., 2 ul. V. 

Vejvodu, Prague I, Czechoslovakia. Dated Jan. 16th, 1936. No. 1,475. 

In order to prevent buckling of thin covering sheets and to provide sufficient 

strength it is proposed that the covering sheets are to be grooved and _ that 

tension cables are to be inserted in the grooves. The cables may be tightened 
by turnbuckles in the usual manner. 


464,249. Improvements relating to Metal Acroplane Bodies. Messerschmitt, 
W., Hannstetterstrasse 118a, Augsburg, Germany. Dated Aug. 24th, 
1936. No. 23,233. 

In the body proposed the hull sections which are arranged end to end with their 
edges flanged are each bent inwardly at one end only of the section, this end being 
overlapped by the adjacent section. The profile stiffening members pass through 
openings in the edges of the sections. 


467,670. Improvements in Aircraft. Garden, A. D., 58, Gloucester ‘Terrace, 
Hyde Park, London, W.2. Dated Dec. 14th, 1935, No. 34,736; Dec. 2oth, 
1935, No. 35,281; and July 17th, 1936, No. 19,833. 


In order to facilitate the loading and unloading of aircraft it is proposed to 
shape the rear of the fuselage so that, when resting on the ground, it forms @ 
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ramp or runway for the loading of goods. Alternatively a flat platform may be 
hinged to the underside of the fuselage, mechanism being provided for lowering it 
so that it may be used as a ramp. 


AgROPLANES—GENERAL. 
452,053. Improvements in and relating to Aircraft. Malcolm, A., 66, South 
Street, Perth, Scotland. Dated Feb. 26th, 1935. 
This specification describes a flying machine shaped somewhat like a snow- 
shoe. It has hinged wings movable on the principle of a venetian blind. There 
are four propellers which are capable of swivelling so as to propel or lift. 


452,110. Improvements in Aeroplanes having a Variable Lifting Surface. 
Geren, J., 24, rue de la Tourelle, Boulogne-sur-Seine (Seine), France. 
Convention date (France), Feb. 20th, 1934. 

The variable lifting surface is given by the movement along fixed planes of 
flexible surfaces mounted on operating drums and provided with ribs pivotally 
connected together and movable transversely of fixed planes in order to extend 
the latter in front of and behind the fixed plane. 


464,502. Atmospheric Pressure De-Equaliser or Mechanical Balloon for Use in 
Giving Buoyancy and Lateral Propulsion to Air and Under-Water Vehicles. 
Quest, O. K., West, 409, Second Avenue, Spokane, County of Spokane, 
Washington, U.S.A. Convention date (U.S.A.), March 2nd, 1935. 

This specification describes a species of centrifugal blower which is used to 
centrifugally expel air, creating a vacuum which gives lifting power enabling 
air vehicles to rise. 


463,881. Improvements in or relating to Dirigible Craft such as Ships, Aircraft. 
and the Like. WKreasel-Williams, G. H., Calle Corrientes 345 (altos), 
Rosario de Santa Fe, Argentina. Dated Oct. 29th, 1935. No. 29,850. 

This arrangement is designed to make use of the fluid flowing relatively to the 
craft due to its movement to assist the propulsion. Conduits are arranged from 
the exterior of the craft to the rear, so that fluid can pass; there is a pump to 
assist the inflow of the fluid. Turbines may be fitted in the conduits to operate 
auxiliary propellers. 


404,515. Flying Machine. Swingle, E. L., 23, High Street, Brentford, Middle- 
sex. Dated Nov. 14th, 1935. No. 31,508. 

It is proposed to construct flying machines of a lightness and shape so that 
they will readily start almost perpendicularly without having to travel over the 
ground for any great distance. To accomplish this the machine has a tilting 
frame extending across an oblong frame and carrying lifting propellers, and two 
adjustable wings, one in front of and the other behind the tilting frame, or the 
wings may be replaced by two tilting frames. It has also two steering propellers 
one behind the other which are carried in a rudder or a tilting frame. 


AEROPLANES—WINGS. 

468,149. Improvements in Devices for Increasing the Lifting Power of the Wings 
of an Aeroplane. Caproni, G., 4, Via Durini, Milan, Italy. Convention 
date (Italy), April 24th, 1935. 

This is a device intended to improve the aerodynamical efficiency of wings, and 
particularly to improve their lifting efficiency. A drag-producing element is 
pivoted at or near the trailing edge of the wind and may be moved upward or 
downward by the pilot. There is a space between the element and the wing 
through which an air current passes either upward or downward when the element 
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‘is moved. The element may be in the form of a round rod, or its section may be 
triangular, aerofoil, or rectangular. 


464,607. Improvements relating to Aeroplanes, Seaplanes and the Like. Owen 
B., 779, Colombo Street, Christchurch, New Zealand. Convention date 
(New Zealand), June 13th, 1935. 

This specification relates to aeroplanes having one or more pairs of wings in 
addition to the normal wings, such wings being arranged to project laterally 
from the fuselage. Each such wing terminates at its root in an arm exte: ding 
in-board and having its extremity mounted in a universal joint at a fixed point, 
said arm being drivably and non-rotatably received in a member disposed longi- 
tudinally in the fuselage and having at its forward end a bearing with a crank 
or eccentric fixed on a rotatable shaft, the rear portion being supported by a 
pivoted guide. On this guide the member is adapted to longitudinal sliding move- 
ment with up and down rocking movement. 


468,365. Improvement in Means for Damping Vibrations of Aircraft Fixed Wings 
or Supporting Surfaces having a Limited Pivotal Movement. Rouy, 
A. L. M. A., 42, Rue de Dantzig, Paris (Seine), France. Convention 
dates (Luxembourg), Dec. 29th, 1934, and May 8th, 1935. 


In order to damp vibrations it is proposed to use reciprocal inertia masses with 
a frequency as near as possible to that of the parts concerned and which are 
capable of doing sufficient work to destroy the vibratory energy at each pulsation. 


ARMAMENTS. 


467,485. Improvements in and relating to Turret or Cupola Mountings for Guns 
and Other Instruments in Aircraft, Particularly Aeroplanes and Other 
Vehicles. Nash, F. A., Oakeroft Road, Kingston By-Pass, Tolworth, 
Surrey. Dated Sept. 13th, 1935. No. 25,502. 

The turret proposed has a dome which is adapted in use to extend over and 
protect the gunner. There is a second portion which can be retracted within the 
first portion. This second portion is connected to the gun so that it will be 
moved with it, extending or retracting according to the gun position. 


464,691. Improvements in the Mounting and Employment of Guns on Aircraft. 
Short Bros., Ltd., and Gouge, A., both of Seaplane Works, Rochester, 
Kent. Dated Oct. 22nd, 1935. No. 29,119. 

The arrangement proposed is intended to enable larger guns than the . 303 to 
be used without seriously affecting the pitching of the aircraft. A flying boat 
may be provided with one or more central guns adapted to fire downwards and 
arranged so that when firing directly downwards the recoil is directed towards 
the centre of gravity of the machine. The apertures can be closed in a water- 
tight manner. It is stated that the ideal position for such a gun is the centre of 
gravity of the aircraft, this position not being normally possible it is proposed 
to bring the gun as near to it as is possible. 


CoNTROL OF AEROPLANES. 


467,357. Improvements in or relating to Aeroplane Wings and Propellers. 
Charpentier, J. F. G. M. L., 5, rue Taliére, Saint Cloud (Seine et Oise), 
France. Convention date (France), March 2nd, 1936. 


The wings or propeller blades are fitted with one or more narrow solid conical 
tips, the general direction of which are contrary to the direction of motion of the 
wing ; the tips have a cross-section which decreases gradually to zero at the free 
end. The object of the arrangement is to guide the air eddies to the rear of the 
wing and to limit their movement so as to suppress interaction between the flows 


co) 
ne 


« 


to 
cip! 
40 
otl 
arr 
of 
40 
pis 
th 
fla 
46 
po 
ret 
40 
co 
di 
to 
fli 
ar 
th 
st 
4f 
t 
a 
e 


ABSTRACTS OF PATENT SPECIFICATIONS. 849 


to the rear of the trailing edge. There is a mathematical discussion of the prin- 
ciples involved. 


464,548. Improvements in and relating to Dual Control Arrangements for Aero- 
planes. Junkers, Flugzengwerk, Aktiengesellschaft, 40, Junkerstrasse, 
Dessau, Anhalt, Germany. Convention date (Germany), July 2nd, 1935. 

The entire control system is divided into halves which are independent of each 
other, but which can be operated simultaneously from either control post. Clutches 
arranged to be operated singly are interposed between identical actuating members 
of the halves of the control mechanism. 


466,800. Improvements in or relating to the Control of Wing Flaps on Aircraft. 
Hamilton Motors, Ltd., and Theed, W. D. L., both of 466-490, Edgware 
Road, London, W.2. Dated Dec. 5th, 1935. No. 33,735- 

It is proposed to control wing flaps from the suction in the induction pipe of the 
motor. A pneumatic servo motor is provided with a double acting cylinder and 
piston with a manually controlled valve for controlling the communication between 
the cylinder and induction manifold. There is also a servo cylinder so that the 
flaps may be set or maintained in any desired position. 


406,462. Improvements in Devices for Operating the Control Surfaces of Flying 
Machines. Potez, H. C. A., Meaulte (Seine), France. Convention date 
(France), Oct. 25th, 1935. 

This is a safety device for operating the control surfaces of aircraft. To the 
controls themselves an inertia device, consisting of a weight and a lever, is con- 
nected by spring means, so that if the pilot should hold the control in a fixed 
position the action of the inertia will move the control surfaces in a direction 
reducing the accelerations produced. 


463,983. Device for Stabilising Apparatus for Aerial Navigation. Oehmichen, 
E. E., Rue de Graviers, Valentigney (Bombs Department), France. Con- 
vention date (France), Oct. 31st, 1934. 

An aircraft of the helicopter type is to be fitted with an envelope partly or 
completely closed, containing air, the centre of volume of the aircraft being 
distinct from the centre of gravity and located above the same. The machine is 
to be characterised in that surfaces offering aerodynamic resistance to horizontal 
flight are disposed below the centre of gravity but so positioned that the resist- 
ance of the air to fore and aft and lateral movement is as near as possible to 
the centre of gravity of the aircraft. The object of the arrangement is to obtain 
stability in flight. 


465,131. Trimming Devices for Aircraft Flying Controls. Vickers (Aviation), 
Ltd., Pierson, R. K., and Firman, R. A., all of Weybridge Works, Brook- 
lands Road, Weybridge, Surrey. Dated Nov. 1st, 1935. No. 30,206. 
This is a device for operating flaps on the main control surfaces, such as the 
rudder and elevator, for the purpose of trimming the aeroplane. It enables both 
trimming devices to be set by a single lever and also allows instructive oper- 
ation. The lever operates the controls by being adjustable in two directions, 
each direction operating one of the controls. 


465,586. Improvements in or relating to Aircraft. Walker, G. E., Lynwood, 
Wood Lane, Sheffield, 6. Dated Aug. 6th, 1935. No. 13,374. 
This specification relates to flap controls for the wing tips or tailplane which 


are operated about pivot axes, which converge towards the direction of flight 
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and such flaps forming continuations with the leading edges of the wings or 
tailplane to constitute overlapping tips thereto, and are movable to operative 
positions in which they extend above and below the level of the wing or tailplane, 


468,559. Improvements relating to Means for Controlling Aeroplanes when in 
Flight. Pitt, H. L., 374, Southbourne Grove, Westcliff-on-Sea, Essex. 
Dated Oct. 7th, 1935. No. 27,683. 

It is proposed to provide control surfaces for aeroplanes, each of which is not 
greater in area than half the wing and which is mounted in an orifice in the wing. 
The surface can be turned on an axis directed forward and inclined to the 
longitudinal axis at an angle less than go°. When turned, the leading edge pro- 
jects downwards and forwards, the trailing edge projects upwards and rearwards. 


408,062. Improvements in or relating to Elevation Control Mechanism for Air. 
craft. Heinkel, E., Dr. Eng., Seistrasse 15, Warnemunde, Germany. 
Convention date (Germany), Dec. 1st, 1934. ; 

It is proposed to provide means sensitive to the angular correlation of - air- 
craft so that the movements of the elevators may be controlled in such a way 
so as to prevent excessive stresses being produced in the aircraft aia, The 
means proposed consist of resiliently controlled masses, mounted remote from 
the C.G. of the aircraft which may have an auxiliary elevator controlled by the 
masses. 


468,331. Improvements in or relating to Aircraft. Saulnier, R., 5, Rue de 
Monceau, Paris, France. Dated Nov. gth, 1936. No. 30,524. 

It is proposed to provide friction bearings for the hinges of control members 
of aircraft which will exert a braking action upon the bearing; these friction 
bearings can be the entire supports of the control members or in combination 
with normal bearings. The bearing is provided with a shoe moving radially 
which is forced against the bearing by a spring, the whole being enclosed within 
the wing or control member. 


67,969. Improvements in or relating to Manual Elevation Control Mechanism 
for Aircraft. Dr. Ing. E. Heinkel, Seestrasse 15, Warnemunde, Germany. 
Convention dates (Germany), Nov. 17th, 1934, and Aug. 21st, 1935. 


In order to prevent excessive stresses being imposed on the structure of an 
aeroplane by violent use of the elevator and to permit a larger elevator movement 
at low speeds and a small movement at high speeds and also to permit the pilot 
to lift the machine quickly in emergencies, it is proposed to provide elevator 
control in which initially stressed resilient devices are superimposed in the trans- 
mission mechanism between the control column and the elevator. These devices 
may be so stressed that full control is obtainable at low speeds, while at high 
speeds the maximum force imposed on the structure may be restricted. 


464,184. Improvements in or connected with Control Surfaces of Aircraft. Short 
Bros, Ltd., and Parkes, D. L., both of Seaplane Works, Rochester, Kent. 

Dated Aug. 7th, 1936. No. 21,785. 
This specification refers to a servo flap device. A two-armed lever is mounted 
inside the control surface, the rear end of which carries a fork which engages 


a pin on the rear extending arm of the flap. The front end of the lever engages 
with a pin and and a slot to a bracket connected to the wing of the aeroplane. 
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452,047. Improvements in or relating to Hydraulically Actuated Apparatus and 

Controls, Particularly for Aircraft. Automotive Products Co., Ltd., and 
Brown, F. V., both of Brook House, Langham Street, London, W.1. 
Dated Feb. 14th, 1935. No. 5,107. 

In hydraulic control mechanisms it is proposed to interpose between the 
master cylinder and the slave cylinder a valve which is controlled by a spring 
sO as normally to assume a position in which operation of the master cylinder 
tends to move the slave cylinder in a preferred direction, position adjustment of 
the valve being required for otherwise actuating the slave cylinder. Also the 
arrangement provides a controlling system comprising a single acting master 
cylinder, the position of which is associated with a free packing cup adopted to 
cover a breathing aperture in the cylinder wall at the beginning of its stroke, 
and a slave cylinder having one boundary of its walling space arranged for 
limited lost motion. 


465,891. Improvements in and relating to Aircraft Controls. Vickers (Aviation), 
Ltd., Pierson, R. K., and Firman, R. A., all of Weybridge Works, Brook- 
lands Road, Weybridge, Surrey. Dated Nov. 16th, 1935. No. 31,790. 
This specification deals with methods of operating control balancing flaps. 
The control surface and the flap can be adjusted separately, the flap being 
connected to tension members which are attached to a fairlead which is held 
against angular adjustment with the control surface. The distance between the 
points of connection of the tension members may be varied, the adjustment of 
the flap relatively to the control surface may be varied. The fairlead may be 
mounted on a link which has a limited amount of lost motion. 


467,405. Improved Mechanism for Actuating the Control Surfaces of Aircraft. 
The Fairey Aviation Co., Ltd., North Hyde Road, Hayes, Middlesex, and 
Youngman, R. T., Walcot, Church Crookham, Aldershot. Dated Dec. 
13th, 1935. No. 31,602. 

The device is described for operating a flap which is of normal aerofoil form 
and, when not in use, is let into a recess near the trailing edge of the wing. 
It is supported by two links of differing length pivoted each to the flap and 
to the wing, the rear link being the longer. When the wing hinge point of the 
front link is turned the flap is forced below the wing and may take up a range 
of angles of incidence. 


ENGINES. 
451,918. Improved Cowling Construction for Aircraft Engines. Potez, H. C. A., 
Meaulte, Somme, France. Convention date (France), June 12th, 1935. 


In the case of engines mounted in front of the leading edge of a wing it is 
proposed to use a duct arrangement so that the air escaping from the cowling 
is deviated from the upper side of the wing. There may be deflecting surfaces 
between the cowling and the fairing or the ducts may be so arranged that the 
air cannot escape in the neighbourhood of the leading edge of the wing. 


463,303. Oil Coolers for Aircraft. De Paravicini, T. P., The Old Manor, Abbots 
Ann, Andover, Hants. Dated Sept. 2oth, 1935. No. 26,125. 

It is proposed to place an oil cooler in a tunnel in which it is exposed to the 
airstream after the airstream has been heated by cooling surfaces in order to 
avoid drag. The heated air supplied to the cooler helps the oil to warm up when 
the engine is started. If radiator shutters are used in a liquid cooled engine, 
shuttering will affect both radiator and cooler, helping to keep the oil within 
temperature limits. 
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465,640. Improvements relating to Liquid Coolers for Use on Aircraft. Serek 
Radiators, Ltd., Warwick Road, Great Birmingham, 11, and McIntyre, 
J. T., of the same address. Dated Feb. 17th, 1936. No. 4,748. ; 

This specification describes the combination of a liquid radiator for the engine 
jacket fluid, and an air-cooled oil radiator arranged transversely across the jacket 
radiator so that it occupies only a part of the facial or cross-sectional areca of 
the jacket liquid cooler and means whereby the air can be caused to flow in cither 
direction through the oil cooler. The object is to be able to minimise the area 
of the radiator housing, and to use the oil radiator for either heating or cooling 
the oil and for heating the carburettor air. 

463,303. Oil Coolers for Aircraft. de Paravicini, T. P., The Old Manor, Abbots 
Ann, Andover, Hants. Dated Sept. 20th, 1935. No. 26,125. 

It is stated that owing to increased air resistance and blocking by stagnant 
oil, the usual method of placing aircraft oil coolers externally is objectionable. 
It is therefore proposed that the air cooler should be placed inside the engine 
cowling of aircraft in a position where it is cooled by air already warmed by 
the engine. 


463,474. Cooling of Aircraft Engines. Sir W. G. Armstrong-Whitworth Air- 
craft, Ltd., and Lloyd, J., both of Whetley, Coventry, Warwickshire. 
Dated Aug. 30th, 1935. No. 24,261. 

In order to reduce the resistance entailed in cooling an aircraft engine, it is 
proposed to allow the cooling air to escape by an outlet situated near the 
trailing edge of the wing. A flap may be used at the outlet to control the air 
flow and it may be also used as an air brake or lifting flap. The outlet may be 
near the forward edge of an aileron. 


468,578. Engine Mountings. Ellor, J. E., Grandell, South Drive, Chain Lane, 
Mickleover, Derby. Dated March 13th, 1936. No. 7,136. 

It is proposed to provide a mounting which will absorb torque reactions and 
not transfer these to the frame by which the engine is carried. The mounting 
supports the engine laterally resiliently so that the engine can rock on a longi- 
tudinal axis. 


468,719. Improvements in or relating to Aircraft. Rababel, H. A., 50, venue 
de Wagram, Paris, Seine, France. Convention date (Belgium), March 
Ist, 1935. 

In the case of liquid cooled engines, it is proposed to arrange the radiator 
in the body of the fuselage behind the motor so that they are both covered by 
the same streamlined cowling. A number of conduits are provided communi- 
cating with the front of the cowling for the purpose of feeding air to the radiator, 
while at the back of the radiator there is an annular slot in the fuselage to allow 
the air to escape. In the fuselage behind the radiator there is a cone-shaped 
member for conducting the air to the slots with little disturbance. 


468,281. Fluid Reaction Propelling Apparatus. Endron, H., 116, Kullerstrasse, 
Solingen, Germany, and Bachmann, E., 1106, South Ogden Drive, Los 
Angeles, California, U.S.A. Convention date (Germany), Nov. 26th, 1935. 


It is proposed to utilise the speed energy of a driving stream producing reaction 
pressure in sucha manner that a number of compression devices are provided for 
the production of the driving stream producing the reaction pressure, the com- 
pression chambers of these devices terminating in a common discharge nozzle 
forming the first nozzle of a set of nozzles and the vacuum forces produced by 
the driving stream in the set of nozzles acting as driving forces upon the com- 
pression devices and being thereby utilised for production of the driving stream. 
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467,989. Fluid Reaction Propelling Apparatus, Endres, H., 116, Kullerstrasse, 
Solingen, Germany, and Bachmann, E., 1106, South Ogden Drive, Los 
Angeles, California, U.S.A. Convention date (Germany), Dec. 31st, 1934. 
It is proposed to arrange that the propelling jet compressors are arranged in 
the direction of the relative wind so that air under aerodynamic pressure is 
admitted to them. The compressors may be arranged in the fuselage or hull 
near the front with their axes parallel to and on a circle about the ball axis. 
The compressors may also be arranged in the supporting surfaces of an aero- 
plane. Funnel-shaped admission ports may be used. 


464,348. Improvements in Intercoolers for Superchargers of Internal Combustion 
Engines. Ellor, J. E., Grandell, South Drive, Chain Lane, Mickleover, 
Derby. Dated Oct. 24th, 1935. No. 29,396. 

The proposed intercooler is mounted in a duct opening in the direction of 
motion of the aeroplane, the duct being so shaped that kinetic energy is converted 
into pressure energy before the cooler, the reverse taking place afterwards when 
the air is discharged. The cooler and the duct are accommodated inside the 
cowling. The size of the duct entrance may be varied. 


468,004. Improvements in Air Supply to Carburettors of Internal Combustion 
Engines for Aircraft. Ellor, J. E., Grandell, South Drive, Chain Lane, 
Mickleover, Derby. Dated Nov. 26th, 1935. No. 32,746. 

Means are provided for supplying the air to the carburettor either from the 
external air stream, or from the rear of a radiator tunnel. Various connections 
are provided with flap valves so that any combination of warm or cold air can be 
provided. 


468,206. Improvements in or relating to the Mounting of Internal Combustion 
Engines. The Fairey Aviation Co., Ltd., North Hyde Road, Hayes, 
Middlesex, and Forsyth, Venlaw, Burden Lane, Cheam, Surrey. Dated 
Jan. 31st, 1936. No. 9,424. 

The proposed mounting consists of plates shaped like obtuse triangles lying 
in planes which diverge from the longitudinal axis of the crankcase or from lines 
parallel with said axis. Each plate is connected by one side to the crankcase and 
is connected at the point of convergence of the other two sides with projections 
from the corners of the front end of the fuselage. 


HELICOPTERS. 

468,063. Improvements relating to Aircraft. Myers, G. F., 3516, 80 Street 
(Jackson Heights, L.I.), City and State of New York, U.S.A. Dated 
Nov. 23rd, 1935. No. 32,534. 

It is proposed to provide an aircraft capable of flying like an ordinary aero- 
plane, but provided with a variable pitch propeller capable of moving to negative 
pitch. It has landing wheels and tail wheel. The propeller contains weights 
which are movable radially, the cords controlling these weights being wound on a 
power-driven drum. It is claimed that the machine will fly like a helicopter. 


468,241. Improvements in or relating to Aircraft. Charuvy, I., Queen Mary 
College, University of London, Mile End, London, E.1. Dated June 13th, 
1936. No. 1,055. 

In order to produce vertical lift it is proposed to compress air in two stages 
and deliver it in the form of one or more jets against a vane on the underside 
of a wing or aerofoil on the aircraft. Alternatively air may be withdrawn from 
above the wing by a fan and delivered into the compressor, the air being then 
delivered through a nozzle which is adapted to expel it in an annular stream so 
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as to flow along the undersurface of a vane arranged on the underside of the 
wing. 


408,186. Improvements in and relating to Helicopters. Gourlay, G., 88) 
Janette Avenue, Windsor, Ontario, Canada. Dated Nov. 12th, 1936, 


No. 31,120. 


It is proposed to devise a helicopter of the type which will ascend vertically from 
the ground. The propulsion means consist of a motor and a pair of propellers 
rotating in opposite directions. The propellers have curved blades with oppositely 
disposed parallel cutting edges. There is also vertical rotatable propulsion means. 
The vertical and horizontal propulsions are effected independently by separate 
belt pulley drives operable from the cabin. 


IcE FORMATION. 


453,825. Method of and Means for Warming the Wings and other Parts of 
Aeroplanes. Schmid, F., Eiken, Aargon, Switzerland. Dated June 8th, 
1935. No. 1,257. 

It is proposed to cowl the engine exhaust manifold and to conduct the heated 
air into the interior of the wing along the nose. In order to conduct the maximum 
amount of heat to the air a number of skeletons or spiders are provided, made 
preferably of copper strip bent to shape. The duct in the wing may have a 
number of apertures graduated in size so as to warm the wing in a uniform 
manner. 


MISCELLANEOUS. 


465,832. Improved Means for Moving One Body Relatively to Another. The 
Fairey Aviation Co., Ltd., North Hyde Road, Hayes, Middlesex ; Lobelle, 
M. Z. O., 298, Langley Road, Langley, Bucks; and Voss, E., Broome 
House, Bowley Road, Hayes, Middlesex. Dated Dec. 5th, 1935. No. 
335758. 

This specification describes a means for raising one body relatively to another 
by means of the employment of Watts parallel motion at each end of one of the 
bodies. The arrangement is proposed for use in military aircraft where retract- 
able units such as gun mountings are normally employed. It is proposed that 
these units should be fixed and the portions of the fuselage surrounding them 
should be retracted. 


463,196. Improvements relating to Apparatus for Signalling from or for Display 
Purposes on Aircraft. Rangare, A. R., 3, Smith Street, Chelsea, S.W.3. 
Dated Sept. 23rd, 1935. No. 26,358. 

In order that a banner towed by aircraft may fly vertically it is proposed to 
have a movable weight on the leading tow bar which, as the banner lifts, moves 
towards the lower part and causes the banner to fly vertically. The arrange- 
ment also allows the banner to be taken from the ground horizontally and allows 
it to assume a vertical position gradually. 


466,959. Improvements in Propelling Devices. Societe Coanda, 10, Rue Bardin, 
Clichy (Seine), France. Convention date (France), Jan. 15th, 1935. 

The propelling device operates by creating a depression in front of the body to 

be propelled by discharging a compressed fluid through a narrow slot formed in 
said body and causing the fluid to escape along a surface of chosen contou: 
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466,900. Improvements in Propelling Devices for Aircraft, Road and Other 
Vehicles. Societe Coander, 10, Rue Bardin, Clichy (Seine), France. Con- 
vention date (France), Jan. 16th, 1935. 

In this specification the propulsion is effected by fluid under pressure, com- 
prising an elongated cylinder having a narrow longitudinal slot through which the 
compressed air escapes. The slot has a rear wall extended to form a curved 
surface receding progressively from its axis and so arranged that the line of the 
surface on the opposite side of the slot intersects the curved surface of the rear 
wall of the slot near the outlet of the slot. 


406,445. Improvements in Land or Water Vehicles. Borrmann, W., and Keune, 
A., Badersleben, Oschersleben, Germany. Dated May 16th, 1936. No. 
13,926. 

This specification describes a vehicle shaped approximately like an aeroplane 
and intended for amusement. It has very small wings, has an engine and 
propeller, normal aeroplane tail unit and is a low wing monoplane. There is a 
central wheel and tail wheel and a wheel or skid in each wing. In action it is 
stated that high speeds can be attained owing to the wing taking much of the 
weight. 

467,480. Improvements relating to Undercarriages for Aircraft. Fande, F., 
5, Bahnhoffstrasse, Kronberg, Frankfort-on-Main, Germany. Convention 
date (Germany), Jan. 28th, 1935. 

The arrangement described shows a shock-absorbing strut in three parts, one 
connected to the wheel, a middle part carrying shock-absorbing apparatus, and 
a third attached to the fuselage. Back, upper and lower part are capable of 
shock-absorbing movement with respect to the middle part. The middle part is 
guided, possibly by a hinged link, to move outwards on the occurrence of a 
shock, and it is stated that, in action, the landing device is able to move in a 
plane parallel to the plane of symmetry of the aircraft. 


464,404. Pneumatically Operated Game Apparatus. Burke, R. J., and Burke, 
M. L., both of Altadena, Los Angeles, California, U.S.A. Dated Oct. 
14th, 1935. No. 28,294. 

This specification proposes a game depending on a device whereby a model 
aircraft is caused to move over a map of the world and in which the model may 
be suspended over the map by concealed jets of air. 


PARACHUTES. 
466,089. Improvements in Parachutes. Rousselot, M., 98, Rue Erlanger, Paris, 
France. Convention date (France), Nov. 29th, 1935. 

The arrangement described is intended to avoid untimely opening of parachute 
bags. The bag consists of a back and a flap, the flap when the bag is closed 
being connected to the back by a number of closing strings independent of 
each other and which can be severed by a cutter. The cutters are controlled by 
braids of unequal length attached to the cable connecting the pilot. The cutters 
consist of a small plate perforated with an elongated opening, the middle part of 
which is constricted, whilst one of its ends has a cutting portion. 


467,884. Improvements in and relating to Parachutes. Mastrosanti, R., 50, 
Avenue des Temes, Paris, France. Convention date (France), Oct. 24th, 
1935- 

The sustaining surface of the proposed parachute has two concentric portions 
connected at their adjacent edges to create a central chamber and a peripheral 
chamber, each fully open on the underside and so formed as to comprise vents 
or escapes for the imprisoned air at the top, the sustaining cords being attached 
to each portion. 
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PILOTS AND PILOTING. 
463,957. Instructional Device for Aircraft Pilots. Kronfelt, R., London Aj 
Park, Feltham, Middlesex. Dated Oct. 5th, 1935. No. 27,573. 

This is an instructional aircraft which can be propelled over the ground, by 
which is or may be made incapable of constant flight. It is, preferably, in the 
form of a high wing monoplane and has a complete normal control system, by 
its movement about any axis is constrained elastically. This elastic constrain 
is adjustable. 


RoToR CRaFT. 

467,589. Improvements in and relating to Rotary Wing Aircraft. Coats, .\. G., 
Gloucester House, Park Lane, London, W.1, and Hafner, R., Mantler. 
gasse 47, Vienna, 13, Austria. Dated Dec. 19th, 1935. No. 35,248. 

In rotary wing aircraft with pitch controlling mechanism resilient stabilising 

means are used acting on the rotor system tending to maintain a predetermined 

pitch and a pitch varying member for varying the pitch against the resilience 

of the stabilising means. As the gear has a low mechanical advantage large 

changes of pitch may be made instantaneously by the pilot. 


465,408. Improvements in or relating to Power Transmission Mechanism. 
Propello Inventions, Ltd., 105, Cheyne Walk, Chelsea, London, S.W.10o, 
and Yoxall, J., York House, Deganwy, N. Wales. Dated Nov. rst, 1935. 
No. 30,267. 

This is a coupling arrangement for the rotors of aircraft with rotating wings. 
It is intended for quick engagement and disengagement and consists of a friction 
or dog clutch operated by fluid pressure acting through an extensible bellows and 
arranged in series with a fluid coupling. 


467,980. Improvements in and relating to Aircraft having Freely Rotative Wings. 
de la Cierva, J., Bush House, Aldwych, London, W.C.2. Dated Dec. 23rd, 
1935. No. 35,539- 

In autogiro aircraft in which the rotor is initially speeded up by means of a 
starter mechanism when the pitch is zero and in which the machine is caused to 
jump off the ground by disconnecting the mechanism and increasing the pitch 
manual control means are used operating on the clutch and pitch varying 
mechanisms permitting full operation of each mechanism without varying the 
other, and arranged to prevent conjoint operation of both mechanisms by one 
simple manual movement by the pilot. 


464,293. Improvements in Rotary Blades or Wings for Aircraft. The Cierva 

Autogiro Co., Ltd., Bush House, Aldwych, London, W.C.2, and Bennett, 

A. J., 67, Grove Way, Esher, Surrey. Dated Oct. 15th, 1935. No. 28,457. 

This specification refers to autogiro blades. In order to increase the torsional 

stiffness of the blade it is proposed to use a tubular spar of oval cross-section, the 

major axis being parallel to the chord of the blade and the spar being located 

near the nose of the section. The spar may be solid drawn or built up and the 

leading edge of the blade should be covered with a stiff material such as plywood. 
The tubular spar should not have sharp radii. 


468,183. Improvements in and relating to Aircraft with Rotative Wings. The 
Cierva Autogiro Co., Ltd., Bush House, Aldwych, London, W.C.2. Con 
vention date (U.S.A.), Nov. 13th, 1935. 

This specification describes an improved hub gear for autogiro rotors of the 
type in which the rotor blades have oscillatory movements so as to vary the pitch, 
and a control is provided for producing a periodic change in the blade pitch. 
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The blades are mounted on stubs journalled in bearings in a hollow hub member 
for pitch varying movements, and each stub is in pivotal engagement with an 
arm extending in the general direction of the axis of rotation permitting relative 
movement of the stub and arm only in a plane containing the arm and the axis 
of the stub so that the stub rotates in its bearing and varies the pitch angle of the 
blade. The several arms are arranged to constitute a parallel linkage, their ends 
being universally jointed to a member rotatable with the hub and movable at right 
angles to the rotational axis by non-rotative means. Modifications of the main 
proposals are described. 


453,597: Flying Machines with Rotary Supporting Surfaces. Piscara, R. P., 
115, rue de la Tour, Paris (Seine), France. Convention date (France), 
Feb. 6th, 1934. 

The machine proposed has a stationary supporting surface and a rotor of the 
freely rotating type having adjustable blade length, the blades being flexible, 
the arrangement being such that at their shortest position the rotor will auto- 
rotate. The blades may slide longitudinally in the hub or they may be wound 
on to and unwound from rollers. 


SEAPLANES AND FLYING Boats. 

464,408. Improvements in or relating to Wing Tip Floats. The Supermarine 
\viation Co. (Vickers), Ltd., and Kimber, W. G., both of the Company’s 
Works, Woolston, Southampton, Hants. Dated Oct. 16th, 1935. No. 
28,585. 

It is proposed to use wing tip floats of aerofoil section which are maintained 
when operative at a positive angle to the wing. The outer end of the float may 
be higher than the inner. By means of a system of links the float may be folded 
into a recess in the wing. 


465,627. Improvements in or relating to Flying Boats. Blackburn Aircraft, 
Ltd., and Rennie, S. D., both of Seaplane Base, Brough-on-Hull, East 
Yorks. Dated Dec. 31st, 1935. No. 36,054. 

In order to prevent damage to the tail members of flying boats it has been usual 
to make arrangements to carry these members at some height above the water. 
It is claimed that the proposed method, of giving the tailplane a pronounced 
dihedral angle and arranging that its projection each side of a hull which projects 
straight back, has advantages not possessed of the usual layout. 


UNDERCARRIAGES. 

463,739. Improvements in Retractable Landing Gear or the like for Aircraft. 
The Bristol Aeroplane Co., Ltd., and Frise, L. G., both of Filton House, 
Bristol, Gloucestershire. Dated Nov. qth, 1935. No. 30,494. 

This is a retractable undercarriage arranged so that the wheel folds backwards. 
The member of the undercarriage which extends rearwards and upwards is 
arranged so that its upper end slides in a guide when being retracted. When in 
the non-retracted position this portion fits into a portion of the guide which is 
sharply curved so as to act as a lock. Arrangements are made for the operating 
jack to move the upper portion of the rear support out of this sharply curved 
part of the guide before retraction. 


463,807. Improvements in or relating to Retractable Landing Gear and the like 
for Aircraft. The Bristol Aeroplane Co., Ltd., and Frise, L. G., both of 
Filton House, Bristol, Gloucestershire. Dated Nov. 6th, 1935. No. 
39,731. 

In this case the gear can be arranged to fold the wheel backwards or sideways. 

The folding arrangement consists of an upright attached at one end to the wheel, at 
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the other end to the aeroplane. A jack has its plunger rod connected near the upper 
end of this upright, while a collapsible strut connects the lower end of the upright 
with the middle of the body of the jack. By means of an angular linkave the 
joint of the folding strut is broken in the act of retraction. 


467,424. Improvements in and relating to Aeroplanes and Particularly ‘o the 
Mounting of Tail Wheels or Tail Skids Thereon. Percival, E. W., 20, 
Grosvenor Place, London, S.W.1. Dated Dec. 16th, 1935. No. 34,829 

In order that the tail skid or wheel of an aeroplane may return to the in-line 
positions, where the supporting device can swivel in a bearing, it is arranged 
that the upper end of the fork carrying the wheel is fitted with two or more 
pins at some distance apart which are acted on by spring controlled plungers, 

These plungers force the pins and the fork into the desired position. 


465,278. Improvements in Retractable Landing Gear and the. Like for Aircraft. 
Bristol Aeroplane Co., Ltd., and Frise, L. G., both of Filton House, Bristol, 
Dated Nov. 4th, 1935. No. 30,495. 

This arrangement is primarily intended for the retraction of tail wheels and 
consists of a rotatable crank engaging with a rotatable link, the axes being spaced 
by a distance greater than the length of the crank. The point of attachment of 
the end of the crank with the link is movable lengthwise of the link, the e/fective 
length thereof is therefore variable. It is said that in this arrangement it is 
irrotatable in certain positions. This apparatus is made use of for retracting 
the wheel. 


465,389. Device for the Safe Landing of Air Vehicles. Level, T. E., 129, 79th 
Street, Niagara Falls, New York, U.S.A. Dated Aug. 6th, 1936. No. 
21,636. 

The gear proposed has air-compression cylinders secured to the fuselage, the 
pistons being connected to the chassis, air-operated means carried by the landing 
gear and connected with the brakes, a conduit connection with the air-compression 
cylinders with a valve adapted to simultaneously control the exhausting of air 
from the cylinders and the feeding of air to the air-operated means. 


453,797- Improvements in Brake Operating Mechanism for Aircraft. Bendix, 
Ltd., King’s Road, Tyseley, Birmingham, and Hall, P. E., of the 
Company’s address. Dated July roth, 1935. No. 19,681. 


The brakes can be applied equally from a hand control or differentially from a 
rudder bar being brought into connection with the rudder bar by a preliminary 
movement of the hand control. A cable from the hand control is coupled to one 
end of a lever pivoted at its other end in a light skeleton framework or cage 
which can be secured to the machine. On the lever there are two coaxial pulleys 
and cables from the brakes are carried round these in opposite directions, their 
ends being secured to points on opposite sides of a rocking bar pivoted about 
its centre in the cage and coupled to the rudder bar by rods or cables so that it 
moves with the rudder bar. To apply the brakes equally the cable from the hand 
control is tensioned and swings the lever carrying the pulleys so that the cables 
leading to the brakes are equally tensioned; if the rudder bar is now operated 
the brakes are applied differentially. When the hand control is in the off 
position there is sufficient slack in the cables to allow the normal movements 
of the rudder bar for controlling the rudder in flight to take place without oper- 
ating the brakes. 
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ABSTRACTS OF PATENT SPECIFICATIONS. 859 


Improvements in and relating to Vehicles for Railless Traffic. Sebek, 


3,235- 
sa 4 Machern Bezirk, Leipzig, Germany. Dated Aug. 15th, 1936. 

This specification refers to a method of arranging the wheels of vehicles so 
that they may negotiate, it is claimed, unevenness of the ground without appre- 
ciable shock. For this purpose the wheels are arranged one after another in a 
laterally staggered position, each being secured to the ends of a lever, the centre 
of which can pivot. 


463,159. Carriages for Vehicles Moved Principally in One Direction. Montrose- 
Oster, L. E. W., C.g01, Karlsbad, Czecho-Slovakia. Convention date 
(Germany), July 8th, 1935. 

This specification describes a method of springing vehicles in which each 
wheel hub is connected to a bell crank lever hinged on the vehicle frame. The 
other end of the lever is attached to a horizontal flat spring, the other end of 
which is connected in a similar way to the bell crank lever of the opposite wheel. 


403,340. Fluid Pressure Apparatus for Brakes. Dunlop Rubber Co., Ltd., 
32, Osnaburgh Street, London, N.W.1; Wright, J., and Trevaskis, H., 
both of the Company’s Works, Fort Dunlop, Erdington, Birmingham. 
Dated Feb. 28th, 1936. 

In fluid pressure brakes for aircraft comprising a pair of reduction valves con- 
trolled by the steering mechanism and connected to a source of fluid under pres- 
sure and to a pair of brake operating mechanisms it is proposed to connect means 
for increasing the pressures released by the reduction values. The apparatus 
proposed consists of two cylinders of differing bore, the pistons of which are 
connected together. 


463,401. Improvements relating to Aeroplane Landing Gear. Cowey, L. E., 
4, High Park Road, Kew Gardens, Surrey, and Engster, E. S. P., The 
Green House, Sonning, Berks. Dated July 23rd, 1935, No. 20,g00, and 
Jan. gth, 1936, No. 763. 

In the case of an aeroplane with a normal chassis it is proposed to fit a third 
wheel behind the main chassis supported by struts at such a position that the 
machine adopts on the ground an attitude similar to that of normal flight. Thus 
additional chassis may be retractable and may be fitted with a skid in place of a 
wheel. 


405,714. Improvements in and relating to Tail Skids or Tail Wheels for Aircraft. 
Elektronmetal G.m.b.H., Pragstrasse 26, Stuttgart-Bad Camstalt, Ger- 
many. Convention date (Germany), Dec. 4th, 1935. 

In a tail wheel or skid for aircraft it is proposed to oppose a resilient resistance 
to lateral movement due to lateral shocks. It is proposed to use a hydraulic 
method of control and arrangements are made so that the tail unit may be 
stationary or swingable with a limited deflection or freely swingable, the type 
of mounting desired in each individual case being adjustable from the pilot's seat. 


468,565. Improvements in or relating to Aircraft. Westland Aircraft, Ltd., 
Yeovil, Somerset, and Petter, W. E. W., and Davenport, A., of the Com- 
pany’s address. Dated Jan. 7th, 1936. No. 546. 

In the case of aircraft in which the chassis is not folding, it is proposed to 
construct the chassis with a curved member, resembling an inverted U, the ends 
of which carry the wheels, while the curved portion passes through the fuselage. 
The member is constructed either by extended light alloy or it may be built up; 
itmay be faired in and bomb racks may be attached to it. Machine guns may 
be mounted on it. 
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464,144. Improvements in Retractable Landing Gear and the Like for Aircraft, 
The Bristol Aeroplane Co., Ltd., and Ponting, R., both of Filton H 


Ouse, 
Bristol. Dated Nov. 6th, 1935. No. 30,733. 


This specification refers to landing gear in which catches are provided to lock 
the gear in the open and retracted position and refers to means intended to pre. 
vent power being applied while the gear is locked by providing a valve ariange. 
ment which cuts off the hydraulic power except when the catches are disengaged, 
The gear proposed consists of a cylinder containing three pistons spaced apart, 
the cylinder contains seven ports. 


468,092. Improvements in or relating to Retractable Undercarriages for Aircraft, 
The Fairey Aviation Co., Ltd., Cranford Lane, Hayes, Middlesex, and 
Ordidge, F. H., 26, Charlton Avenue, Cheadle Hulme, Cheshire. 

This specification describes an arrangement stated to be an improvement on 
Patent No. 450929. The leg is pivotally secured to a bracing strut carrying the 
wheel, the other end of both leg and bracing strut are mounted on the 
structure. 


aircraft 


468,256. Improvement in Means for Folding Elbow Stays for use more especially 
with Retractable Landing Gear for Aircraft. Thornhill, PW. 325 Heath 
Terrace, Leamington Spa, Warwickshire. Dated Feb. 25th, 193 No. 
5»579- 

In the proposed arrangement the jack is at right angles to the stay when the 
latter is open and is situated at the joint. Each half of the stay is pivoted to a 
projection on the jack, and the piston of the jack carries two links pivoted 
respectively to the piston and the two halves of the stay. When operated, the 
links cause each half of the stay to fold in a position roughly parallel with the 
jack. 


468,196. A System of Retractable Landing Gear for Aeroplanes. Société 
d’Inventions Aeronautiques et Mecaniques, S.I.A.M., Route des Alpes, 
Fribourg, Switzerland. Convention date (France), Nov. roth, 1936. 

This gear is described as an improvement to that claimed in Specification 
425,207 and consists of an auxiliary safety device intended to ensure the descent 
of the landing gear when the energy av ailable in the hydraulic accumulator ceases 
accidently to be available. Between the pump and the jack, which is connected to 
the accumulator, there is provided an auxiliary safety pipe which, normally, is 
outside the hydraulic circuit, but which can be included in the circuit by means 
of a cock operated by the pilot. 
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REVIEWS. 


Toe WAR IN THE AIR. 
Vol. VI. By H. A. Jones. Published by the Clarendon Press. Price 25/-. 

This is the last volume of a work which may truly be called monumental. 
Started many years ago by the late Sir Walter Raleigh, whose regretted death 
prevented him from writing more than the first volume, the work has been ably 
continued by Mr. Jones, whose long labours on this history are now at an end. 

The volumes contain a calm narrative of the work done in the Great War by 
the Royal Air Force, the Royal Naval Air Service and by certain Dominion Air 
Services. It describes, in measured English, what happened from day to day on 
the various fronts, and includes detailed descriptions of the difficulties of supply, 
merits and defects of material, and a detailed account of the modifications of 
organisation which were found necessary by the practical experience of warfare. 
Although much of the work is a description of events, yet here and there one 
finds an account of some raid or achievement which serves to remind the reader 
that behind the cold facts there is human endeavour, suffering and courage. 

The work as a whole is a mine of information on all air matters. Those 
interested in airforce strategy or tactics will find here the raw material on which 
to base their theories. The novelist who desires to write about air fighting will 
find here many incidents which would be incredible if found in a novel, but which 
might be suitable for inclusion in such a work if carefully toned down. But it will 
be read with particular interest by those who are anxious to assess the effect of 
air attack in the future, especially when it is directed on the civilian population 
of a densely populated country. This question involves others, for instance, is 
air attack on civilians worthwhile when there are important military targets 
available, and is there any adequate defence against such attacks ? 

It may illuminate this subject if one or two German raids on military objectives 
are roughly described. In May, 1918, air attacks were made on ammunition 
dumps in France and the effect was that, as the result of one such attack, 6,000 
tons of ammunition, out of 27,000 tons, were completely destroyed. In another 
5,000 tons out of 40,000 tons were blown up, including sixty-nine million rounds 
of small arm ammunition. In another raid on Calais spare parts for 6,497 
motor cars and ambulances, 12,270 lorries, and for 799 tractors were destroyed. 
These figures represented 55 per cent. of all motor cars, 4o per cent. of all 
lorries, and 93 per cent. of tractors on the Western Front; 26,000 inner tubes and 
16,000 tyres also disappeared. The question might well be asked: Could a, bomb 
raid in England have done as much damage? 

In certain cases aircraft attack can be devastating. In addition to those cases 
just described reference may be made to the instance when retreating Turkish 
forces were caught in a road running down a defile and were smashed to pieces. 
But in all these cases it seems that there was, at the moment, no defence; even 
in the bombing of ammunition dumps in France it seems that the attack was a 
surprise and that the attackers were not seriously molested. 

Bombing from a height is a job requiring great skill and care if any sort of 
accuracy is to be attained, and experience certainly seems to suggest that 
accuracy becomes impossible if the bombing aeroplane is being attacked. Com- 
pare the accounts in this book of raids by DHg and DHy aircraft. Owing to 
their inferior performance the DHg raids were often intercepted and the bombs 
were dropped on some miscellaneous target instead of the one intended. The 
DH4’s performance seems to have generally enabled them to get to their intended 
target, and at least had a chance of hitting it. It must be remembered that 
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many important military targets are very small. Railway bridges are an instance 
of this, a direct hit with a large bomb keing necessary for destruction, while 
hits quite close to a railway line have left the rails undisturbed. 

It is not possible here to do more than glance at such matters, but there is in 
this work material on which opinion may be formed. It is perhaps not too much 
to hope that writers in the popular press will in future acquaint themselves with 
facts before proceeding to enlighten their public on the possible effects of a 
modern bomb raid on London. To say that there is no possible defence is 
ridiculous, but there is room for difference of opinion as to whether such raids 
can be rendered innocuous. 

A book such as this can never, unfortunately, be a best seller. Apart from 
its cost the general public is not interested in the raw material of history, but 
likes its history served up in novel form with plenty of romantic sauce. It 
therefore falls to novelists and writers in the popular press to tell the public the 
facts about air defence and its possibilities, and for failure in this respect there 
can now be no possible excuse. 


WUNDER DES MOEVENFLUGES (THE WONDER OF GULL FLIGHT). 
By W. Schack, Dr. e.h. O. Lange and Prof. H. Focke. With 48 photo 
graphic reproductions. 104 pages. Published by H. Bechhold Verlags- 
buchhandlung (Breidenstein) at Frankfort a.M. Price R.M.4, go. 

The backbone of this book is undoubtedly the collection of marvellous photo- 
graphs of sea gulls contained in it. Gulls are seen in all circumstances of their 
life and most successful photographic shots performed by W. Schack at the 
island of Memmertsand, a bird sanctuary situated between Borkum and _ Juist. 
The photographer has spent weeks carefully hidden in an old camouflaged fisher- 
man’s basket placed directly near the nests of gulls in order to get his birds 
into his film. The result is really astonishing and amusing. 

O. Lange, keeper of the bird sanctuary, describes the life and habits of these 
charming gulls in detail. Prof. H. Focke, the well-known originator of Focke- 
Wulf aircraft, contributes a very clever discussion dealing with the mechanics 
of gull flight, which obviously seems to be somewhat different from those of 
mechanical gulls produced in these times. Nature seems to have provided the 
natural gull wing with slats and slots of a kind which should make these birds 
liable to licence fees due under certain well-known patent specifications. 
Incidentally the photographs given are very well in agreement with Lieut.-Comdr. 
R. R. Graham’s treatise about safety devices in wings of birds (published in 
this JouRNAL, January, 1932, p. 24-58). 

This is really a book which everybody will enjoy. 


FLUGTECHNISCHES HANDBUCH (AERONAUTICAL HANDBOOK). 
Edited by Dr.-Ing. Roland Eisenlohr. Vol. 1-3 (167-186-206 pages with 
many illustrations and tables). Published by Verlag Walther De Gruyter 
& Co., Berlin. Each Vol. R.M.7, 50. 


In these three volumes of modest size, Roland Eisenlohr, a well-known German 
aeronautical author, has succeeded in giving an excellent survey of all branches of 
modern aeronautics. His collaborators are experts, and the chapters dealing with 
aerodynamics, aeroplane construction, special kinds of aircraft, wind-tunnel 
research, fundamentals of stress calculation, materials, aeroplane piloting, com- 
mercial flying, catapults, training, aerodromes, soaring flight, aero engines, 
engine installation, fuels, airscrews, instruments, wireless and servo control, 
photography, aero medicine, etc., are really worthwhile reading. A fourth volume 
will treat lighter-than-aircraft and meteorology. The handbook is a useful source 
of information for students in aeronautics. 
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he Royal Aeronautical Society, 7, Albemarle Street, London, ngland. 


/ } 25th, 
Resex 
1 
: 


The 618th Lecture read before the Royal Aeronautical Society sine 


its foundation on January 12th, 1866. 


PROCEEDINGS. 


A meeting of the Royal Aeronautical Society was held’ on Thursday, February 
asth, 1937, in the Lecture Hall of the Royal Society of Arts, when a paper *‘‘ On 
the Art of Dynamometry with Particular Reference to the Measurement of 
Engine Power in Flight ’’ was read by Mr. N. S. Muir, B.Sc., A.F.R.Ae.S. 
In the chair, Mr. D. R. Pye, Member of Council, Deputy Director of Scientific 
Research, Air Ministry. 

The CHAIRMAN: Before calling upon the lecturer, he would like to say that in 
the first part of his lecture Mr. Muir had given an historical survey of dynamo- 
metry, but in order to leave time for that part of the subject which was the 
more immediate concern of members of the Society, he would read only a short 
abstract of the historical portion. For the most part, the rest of the lecture 
would deal with work of great practical importance with which Mr. Muir had 
been himself directly concerned. 

In engineering the measurement of the power of prime movers was a large and 
essential part, and in all other branches except aeronautics, the prime movers 
were tested under conditions of actual service. Aeronautical engineering had 
always suffered under a big disadvantage in this respect, because the two factors 
which came into the improvement of an aeroplane’s performance, namely, the 
power which the engine was delivering and the aerodynamic efficiency of the 
whole machine, had never hitherto been measured directly in flight at the same 
time. There were figures for engine power as obtained on the ground at the 
test bed, and there were figures of aerodynamic efficiency derived from model tests 
or from gliding flight, but in neither of these conditions were the circumstances 
of the air flow the same as they would be under power driven flight. 

In engines a considerable variation in power was liable to occur, even some- 
times from day to day, owing to a number of different causes, of which the 
most important was probably sparKing plug condition. There had been numerous 
attempts to develop some means of direct measurement of power in the air, but 
so far as he knew, nothing had been developed into a practical instrument of 
the requisite reliability and accuracy. He wished to emphasise that the develop- 
ment of such an instrument was a problem of very great difficulty. He 
emphasised it because the author might be too modest to say what a difficult 
job he had been tackling. It was nothing less than the accurate measurement 
within 1 or 2 per cent. of very large forces under conditions of extreme vibration, 
and when the actual magnitude of the force to be measured had a very wide and 
tapid fluctuation about its mean value. All this had to be done without affecting 
the outward form of the aeroplane at all. Mr. Muir had not succeeded altogether 
in reaching that ideal, but it would be seen from the slides that he would show 
that the dynamometer upon which he had been engaged had been reduced to 
something of very modest dimensions. 

He would not delay the lecture longer except to say a word or two about 
Mr. Muir himself. He served in the Royal Flying Corps and the Royal Air 
Force in the war as a pilot, and took his engineering degree at Edinburgh 
University. He had been at the Royal Aircraft Establishment for about twelve 
years. [uring the greater part of that time he had been a member of the 
sientific research staff, and it was as a member of the research staff that he was 
Primarily responsible for the design of this instrument. Mr. Muir had now been 
appointed to a responsible position on the development side, but, nevertheless, 
he retained a very proper interest in his own particular ‘‘ child.”’ 

Mr. Muir then delivered his lecture. 


863 


er, 
45 
| 


864 N. S. MUIR. 


ON THE ART OF DYNAMOMETRY WITH PARTICULAR REFERENCE 
TO THE MEASUREMENT OF ENGINE POWER IN FLIGHT. 


By N. S. Muir, B.Sc., A.F.R.Ae.S. 


This paper is divided into three parts :— 

Part I.—Historical—being a discussion of the development of the art of 
dynamometry with reference to those machines which represent the mile. 
stones that have been erected on a long road of evolution and invention 
during the past 180 vears. 

Part II.—A brief reference to the problem concerning the variation of engine 
power with height and some notes on a few attempts at a solution by 
direct measurement. ; 

Part III.—A description of a new transmission dynamometer developed 
primarily for use in aircraft, together with some of the results already 
obtained in flight at the Royal Aircraft Establishment. 


APPENDIX.—List of references. 


Part I. 
HISTORICAL. 


It is safe to say that in no branch of applied science have the difficulties been 
greater or the process of development more rapid than in aeronautics. By far 
the largest factor in the triumph of the aeroplane has been the improved internal 
combustion engine, a class of prime mover which, generating a maximum of 
power for a minimum of weight from concentrated fuel, is to-day such an out- 
standing engineering achievement as to arouse one’s curiosity regarding its origin 
and development. 

I cannot find better words, adequately to express my meaning, than those of 
John Farey (1) in his remarkable book, ‘‘ On the Steam Engine,’’ published in 
1827. Applying Farey’s statement also to internal combustion as we know it, 
we might well say that in common with the steam engine, ‘‘ It is an invention 
highly creditable to human genius and industry for it exhibits the most valuable 
application of philosophical principles to the arts of life and has produced greater 
and more general changes in the practice of mechanics than has ever been 
effected by any one invention in history.’’ Farey reminds us that the axe and 
the saw and such simple tools were invented in the very early ages and for a 
long time afterwards men performed all labour by their own personal strength. 
Thus slaves were the hewers of wood and the drawers of water, and women 
were compelled to thrash and grind corn and to engage in hand spinning and 
weaving. A little later horses and oxen were employed to plough the land and 
to turn the levers of mills. Then natural elements were found capable of doing 
work and the powers of water and wind were used to operate the mills. The 
18th century was reached, he points out, before the invention of the steam engine 
gave man the command of vast power, and in less than a century it had revolu- 
tionised the whole mode of life. The pumping of water on a large scale, the 
organised manufacture of bread and foodstuffs, furniture, paper and books, and 
the developments of printing and weaving were all due to the steam engine. 
Still following Farey, we read ‘‘ All other inventions appear insignificant when 
compared with the steam engine and it follows next to the ship in the scale of 
inventions when considered in reference to its utility, but considered as a produc- 
tion of genius it must be allowed to take the lead of all other inventions.” 
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Thus to-day, 110 years later, these same sentiments could be taken to apply 
equally well to the modern internal combustion engine, notwithstanding the 
parallel evolution of 20th century radio communication and television, which 
themselves would have been virtually impossible without one of the prime movers. 

A heat engine is an instrument for converting heat into work and thus the 
first requisite for such, apart from its mechanism, is a supply of heat. A second 
requisite is a working substance which, while taking in heat, undergoes change 
of pressure, or change of volume, or both. The desirable function of the cylin- 
ders, therefore, is to use as great a quantity of working fluid as possible in as 
short a time as possible, and the elliciency with which the internal energy of the 
heat supply can be converted into mechanical work determines the power output 
of the engine. In order to assess this efficiency it becomes necessary to measure, 
by some means, the mechanical work done at the driving shaft of the engine. 

We have just noted that in the early ages man performed all work by his 
muscular efforts and, as a result, it came to be in the nature of things for him 
to endeavour to extract from his own labours the maximum utility for a given 
expenditure of energy. Fortunately this instinct finds continued expression in 
the great attention man has paid to the overall efficiency of power producing 
machines as an aid to their rapid development. This explains why we also find 
records, at the beginning of the mechanical age, of increased activity in the 
development of means for the measurement of work done. It may be of general 
interest, then, to those who have to deal with such measurements, to examine 
brielly the more important forms of apparatus developed by the early physicists 
and engineers, and which were each valuable contributions to the historical 
records of this branch of scientific achievement. 

Coulomb (2) was the first investigator to examine fully the conditions under 
which men best performed work. He made very careful observations on the 
rate at which a man could continue to expend energy without undue fatigue. 
These observations were obtained on military constructional work during which 
it was necessary to raise loads of materials to some considerable heights. This 
was finally done by the use of a rope and pulley and a small platform attached 
to each end of the rope. The pulley was positioned at a point higher than that 
to which the load had to be lifted. The sequence of events resembled that of 
a man running upstairs and coming down again in a lift and repeating the 
operation continuously. The point was that in coming down standing on one 
platform he raised a load of slightly less than his own weight on the other plat- 
form. When he reached the ground the load was removed at the top and a 


new one placed on the lower platform. The man thereupon climbed a slope or 
steps, and taking his place on the upper platform, descended once more. The 


work he performed was in lifting his own weight against gravity through the 
required height. Coulomb showed that, taking account of fatigue and muscle 
recovery, this method of doing work was the most efficient possible for human 
labour. He found that it gave, in fact, some four times the useful work done 
by a man carrying a load of 56 kilogrammes to the same height ; 56 kilos. being 
the optimum load found possible for continuous working. The table shown was 
compiled by Coulomb and sets out the results of some of his observations. 


Weight Velocity Time during 
raised or of path Work which work Quantity of Rate of 
stress brought traversed done per was done work done doing work 
Nature of work done. into play. per second. second. perday. per day’s work. in H.P. 
Pounds. Feet. [Foot-pounds. Hours, Foot-pounds. 


A man ascending a gentle 

slope, or steps, without a 

load, his work being that 

of raising his own weight 143 ©. 49 70.5 8 2,030, 400 0.128 
A workman raising weights 

with a rope and pulley, the 

rope returning empty... 39.6 0.65 26 6 561,600 0.0473 
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The method of arranging that articles or quantities of substance should be of 


equal weight by balancing is very old and this soon led to the balancing and, 
therefore, the measuring forces by counter weights. As an example of this we 
note an apparatus constructed by one Graham and improved upon by Desaguliers, 
It consisted of a simple steelyard having a rope attached to the short arm. The 
other end of the rope was fastened to the point of application of the force to be 
measured. A movable weight sliding in counterbalance on the longer graduated 
arm indicated by its position the magnitude of the force. 

As time went on, however, forces other than merely static ones had to be 
measured, such as, for instance, the tractive power of animals, and the steel- 
yard balance proved most unsuitable under the effects of fluctuating forces, 
Man’s ingenuity was not long defeated because it was soon realised that springs 
could be employed and that they could be calibrated under static conditions. 

The earliest recorded example of the use of a spring to measure a force is that 
of Leroy of the French Academy. This was a very simple contrivance consisting 
of a tube containing a spiral spring which was compressed by a graduated rod, 
the outer end of which carried a knob or a disc on which the force was allowed 
to act. The degree of compression of the spring as indicated by the graduations 
on the rod where it entered the tube gave the measure of the force. 


Fic. 1. 


Regnier’s instrument employing a spring for measuring force. 


Other and more useful examples of spring instruments were soon devised; 
many of them incorporating levers and pointers moving over graduated scales so 
that a magnifying effect might be obtained. Such an instrument (Fig. 1) was 
that due to Regnier, which consisted of an elliptical spring with hooks at the 
ends of the major axis. The force to be measured was arranged to elongate 
the ellipse while a pointer, operated by a lever system arranged between the 
sides of the spring, moved over a graduated scale. Regnier’s apparatus was 
improved by Poncelet (3), who substituted for the rather expensive elliptical 
spring a pair of flat tapering springs fastened together at the ends by short links 
and loaded by means of hooks at the centre of the length. Both types will be 
referred to later in this paper, and it should be noted that these spring balances 
were, of course, intended for the measurement of force alone and not, as was 
soon found to be the important factor, the mechanical work done. 

It has long been customary for engineers to call the machine used for measuring 
work a dynamometer, but the word as derived from the Greek really means a 
force measurer. A machine which measures work (that is the product of force 
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and the distance through which it acts) should, strictly speaking, be called an 
ergometer. The word dynamometry has, however, been almost universally 
adopted to mean the art of work measurement whether the instrument records 
only the force exerted or the summation of the force acting over a given distance. 

We have seen that Coulomb analysed the work done by man against gravity, 
and it is clear that if an engine were to wind up the rope and raise the load 
in a given time the rate of working would be known at once. 

It was also known that work could be done, or energy dissipated, in friction 
between two surfaces so that a friction pad placed on the driving pulley of an 
engine could absorb all the power developed, and, lastly, we have noted the 
use of simple springs to measure a force, and in the form designed by Regnier 
and Poncelet it is obvious that a tractive effort could be transmitted through 
the instrument. 

We see then that dynamometers may be divided into three classes—the gravity, 
the absorption, and the transmission forms. , 
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Smeaton’s gravity dynamometer in the form of a whirling arm (1759). 


John Smeaton (4), Fellow of the Royal Society and the celebrated civil 
engineer, appears in 1759 to have been the first to carry out experiments on the 
determination of the work done by a machine in a given time. He employed 
the gravity method in which the measure of the product of force and distance 
was obtained by raising a known weight through a given height at uniform 
velocity. It is of interest to aeronautical engineers to note that Smeaton devised 
his gravity dynamometer to measure the power developed by small windmills 
having blades varying in shape and angular pitch. His apparatus (Fig. 2) took 
the form of a whirling arm which advanced the windmill at known speeds through 
the air on a circular path in similar fashion to the airscrew whirling arms which 
in comparatively recent years existed at the National Physical Laboratory and 
the Royal Aircraft Establishment. The windmill was arranged to raise a known 
weight by means of a rope and pulley while a pendulum was provided to determine 
the time intervals. 

This method of doing work against gravity was also used by James Watt 
when he defined the unit of horse-power as a definite rate of working. To 
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Savery we owe the term ‘‘ horse-power ’’ as a measure of the work done in his 
pistonless steam engine which he patented in July, 1698; just anticipating 
Newcomen by a short margin of time. It was left to Watt, however, about 
1782, to determine that a horse’s average rate of working was 22,000 ft. Jb, 
per minute continuously, or 33,000 ft. Ib. per minute for short periods. att 
adopted the 33,000 ft. lb. per minute criterion because it ensured that any engine 
purchased by a customer would always exceed the work of the number of real 
horses it replaced. 

It might be mentioned here that the first examination of the performance of an 
engine was made by an engineer, Henry Beighton, who in 1717 drew up a table 
showing the dimensions of atmospheric engines for raising water from various 
depths. This interesting table, the first performance chart ever published 
appeared in the Ladies’ Diary for 1721, of which journal Beighton was the 
editor at that time. The title of the table was ‘‘ A Physico-Mechanical Calcula- 
tion of the Power of an Engine.’’ 


FIG. 3: 


The absorption dynamometer known as Prony’s brake. 


The gravity method was soon discarded as a means of power measurement and 
attention was concentrated on the absorption and transmission types. 

The first absorption dynamometer was built by Piobert and Fardy in 1821 
and was used by them to measure the power of water wheels. This took the 
form of friction blocks applied to the surface of a pulley wheel. Prony (5 
adapted it to the testing of steam engines, and it has since been known as 
Prony’s brake (Fig. 3). The brake blocks occasionally became jammed on the 
pulley, due to the short arm, supporting the bottom block, becoming canted 
over, and it was to avoid this trouble that Poncelet made the top and _ bottom 
bow shaped and of equal length and moved the tightening screws further out 


from the shaft. In this way he obtained a more elastic pressure on the pulley. 
In order to stabilise the brake Poncelet altered the weight so that it was attached 
at the end of a rigid rod below the beam. ‘The effect was to cause the weight 


to be positioned rigidly below the horizontal line through the centre of the shatt. 
Stability was thus obtained because when the beam rose, due to increasing 
friction, the leverage of the weight increased and balance was_ restored. 
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Similarly, if the beam fell the leverage decreased. It may be noted in passing 
that the term *‘ brake ’’ horse-power arose from the use of the Prony brake. 

In 1844 G. A. Hirn (6), not knowing of the contemporary work of Joule, began 
a long series of experiments on the mechanical equivalent of heat, the results 
of which he published in detail in 1855 (7). ‘To enable him to make the necessary 
measurements simultaneously he constructed the most interesting energy absorp- 
tion machine shown in Fig. 4. It consisted of a shaft FF which carried a hollow 
wheel 23 cms. in diameter and 22 cms. long closed at one end by the disc b” bb!” 
while the other end was provided with a trunnion tube aa”, which extended 
into the stationary chamber rr and was fitted with liquid seals at O and O/.. The 
rim of the wheel carried on it a brake block EF’ made of bronze, highly polished 
and well fitted. The beam LL’ served to carry the balance weights \f and M’ 
and the whole formed a simple Prony brake. The hollow wheel was filled with 


Coupe suivant BB. 


Coupe suivant AA. 


Fia. 4- 


Hirn’s energy absorbing machine of 1855. 


water or any other liquid and, when the shaft was rotated at high speed, received 
heat generated by the friction of the brake block. The temperature of the brake 
block was given by the thermometer G and the temperature rise of the liquid 


by a thermometer at ¢. A trunnion at bb allowed the liquid to flow into the 
wheel where it received its heat and thence to the chamber rr and out by the 
tap z. The mechanical equivalent of heat was calculated from the quantity of 


liquid passed in a given time, its specific heat and its temperature rise and the 
work absorbed by the brake. 

Fig. 5 shows the clever device used by Hirn for measuring the speed rotation 
of the shaft. The bent tube 2, 2’, x”, 2!/’, was mounted on the pivot p, and 
rotated in the bearing bracket e, being driven from the shaft FF by a belt on 
the pulley q. The tube y of a smaller bore was fitted into the main tube and 
rotated with it. The tube contained mercury at nn and water above it with a 
free surface at n”. When properly calibrated, this device formed a useful speed 


a Cp 
| 
r 
| 
| 
P r 
Ri B| 
t 
a 
A, 
! 
: R: 8! 
j 
nd 
21 
he 
5 
as 
he 
ed 
m 
ut 
y. 
ht 
5 


870 N. S. MUIR. 


indicator, the fall of the water surface from the non-rotating position being 
proportional to the square of the speed. Fig. 6 shows the friction brake of 
William Thomson (Lord Kelvin), who introduced it in 1858 primarily in connec. 


tion with the laying of the Atlantic cable. This brake introduced the principle 


y 


FIG. 5. 
Hiri’s device for measuring the rotation of a shaft. 


Spring Balance 


Fic. 6. 


The friction brake introduced in 1858 by William Thomson, Lord Kelvin. 


of a rope coiled round a wheel to absorb the power in friction. The converse 
idea of a coiled string to produce rotation of a spindle, as in the earliest drilling 
appliance or lathe, probably dates to antiquity. Beautiful examples of these drills 
have been found in Egypt and Arabia, and a few can be seen in the Science 
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Museum, London. From inspection of the carvings and tablets of hieroglyphics 
excavated in Egypt and elsewhere it is clear that all circular recesses and holes 
in the formation of the designs were made with these bow string drills. The 
work absorbed in the Prony, Thomson, or any form of brake dynamometer is, 
of course, the product of the difference of the weights on each side of the brake 
when it is balanced and the linear velocity of the rim of the brake wheel. 

In 1860, Hirn carried out further experiments to verify Joule’s mechanical 
equivalent of heat, but this time he employed an apparatus of a most ingenious 
kind which was subsequently adopted by Joule himself in his second determina- 
tion in 1878, in place of the gravity method (falling weights) previously used by 
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Imray’s brake described by Froude in 1858. 


him in 1849. The system consisted of a polished brass cylinder 30 cms. in 
diameter and 100 cms. long mounted on a_ shaft and arranged to rotate at 
speeds up to 600 revolutions per minute. A fixed cylinder internally polished was 
arranged concentrically with a radial clearance of 3 cms. between the cylinders. 
The outer cylinder was sealed by end discs which also formed the bearings of 
the shaft carrying the inner cylinder. It will be appreciated that if the space 
between the cylinders were filled with liquid and the shaft rotated the viscous 
drag of the liquid would tend to rotate the outer member. By resisting rotation 
of the outer cylinder using levers and balance weights as in a friction brake a 
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measure of the viscous drag would be obtained. As in the earlier experiments 
arrangements were made to regulate the flow of liquid through the cylinder and 
to make the necessary temperature measurements at the same time. It will be 
noted that this machine really constitutes a very delicate liquid’ friction balance, 
and as up to this time no measurements of work had been made through the 
medium of a liquid, this apparatus of Hirn’s is of historical importance in this 
connection. 

In 1858 William Froude (7), F.R.S., described before the Institution of 
Mechanical Engineers two new dynamometers, one of the belt transmission type 
of his own invention and the other a friction brake designed by Imray, with 
whom he had collaborated. Leaving the belt dynamometer to be discussed 
the next section, we see in Fig. 7 a diagram of Imray’s brake. This was an 
improvement on the Prony and Thomson brakes in that it aimed at automatic 
compensation whereby the friction load and its leverage would be kept constant. 

The friction drum A was fixed on the shaft LB driven by the engine. Two 
radial arms CC were fitted one on each side of the drum A and extremities DD 
formed to coincide with the arc of the circumference of the drum. The arms 
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Scale 740” 
Fic. 
Diagram of action of Imray’s brake. 


were free to revolve on the shaft B and their extremities were connected together 
by the weighted tie bolt E by means of which they were carefully balanced on 


the shaft. The friction belt was attached by a pin at one end F to the radial 
arm C and at the other end there was suspended the counterbalance weight P 
keeping the belt in close contact with the drum over the arc EF. The load W 


was suspended from the extremities D of the radial arms by means of two thin 
brass straps passing over the arc D on each side of the drum, but not in contact 
With its circumference. The action is illustrated in Fig. 8. While at rest the 
weight IV remained on the ground, but on rotating the drum the friction belt 
was strained tight by the counterbalance weight P and, being in contact with 
the arc EF of the drum, it presented sufficient friction to raise W and with it the 
radial arms C. The arms continued to rise and by doing so the are of contact 
was reduced and also the amount of friction until they assumed such a position 
that the counterweight P and the friction of the portion of the belt in contact with 
the drum just balanced the weight W. W asa the friction was increased the 
arms C rose still further towards the extreme position and still further reduced 
the are of contact. If the friction was diminished the arms ( fell back and 
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increased the arc of contact. The total friction was thus kept constant and 
consequently the load was constant and acted at a constant leverage by means 
of the arc D, At the same time changes in the coefficient of friction were also 
compensated for. This dynamometer had a drum 164 feet circumference or 
3ft. gins. diameter and a counter was attached to measure the speed. To give 
some damping to the system the weight P was placed in a cylindrical jar con- 
taining water. Now it will be seen that although the length of the belt EP 
suspending the weight P was short, nevertheless it lengthened considerably by 
the amount of belt unwound from the drum. Thus the relative values of Ti’ 
and ? would have been altered by twice the weight of belt wound or unwound, 
and an error would result. To avoid this a wooden portion was attached to the 
weight P and arranged of such an area that every inch immersed in the water 
displaced a weight of water exactly equal to twice the weight of one inch of belt ; 
thus the increased buoyancy given by the increased immersion exactly com- 
pensated for the variation in the relative values of W and P. To improve the 
steadiness of running, the belt was faced with wood over part of its length. It 
was found that the coefficient of friction of the belt tended to vary, while that of 
the wood on the drum remained fairly constant. . 

Some interesting examples of friction brake were built by Appold and Amos 
for the Royal Agricultural Society of England in the years 1848, 1850, and 1854. 
These were designed to absorb 20 horse-power at 120 revolutions per minute 
and finally the 100 horse-power brake shown in Fig. 9 was constructed in 1871 for 
testing ploughing and traction engines. 
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FIG. 9. 
Friction brake constructed in 1871. 


The most important features of this brake were the brake blocks, attached 
to the two hoop iron straps F’, bearing on the pulley D, and the method ot 
compensation. The testing weights I’ were suspended from the point G while 
the tightness of the brake bands could be adjusted at AK. At the point J] the 
straps were hinged to a pendulum called the differential lever shown in Fig. ro. 
This device served to regulate the frictional resistance on the brake by keeping 
the point G at a constant level. The operation of the differential lever was 
automatic and to achieve this its radius was made less than that of the brake 
pullev, and the ends of the straps on the weighted side were hinged to it at a 
greater radius from its centre than the other strap ends. When the brake was 
balanced the point G was opposite the pointer L and if the friction increased 
and lifted G above L the differential lever inclined towards the weight and the 
straps would slacken off to a greater degree than the other side would tighten. 


would therefore return towards L. The weight rod H carried a dash pot M 
filled with water which served to damp out any serious oscillations the brake 
might develop. The radius gauge in Fig. 9 was used to check the radius of 


action of the joint pin G, this being done by placing the gauge on the shaft as 
shown and reading off the radius on the scale at the end of the gauge. The 
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circumferences of the circles corresponding to different radii were also marked 
because this dimension is an essential one in computing the work absorbed py 


the brake. 

Such then was the progress of development of the brake dynamometer from 
its introduction by Prony up to about the vear 1875. It had served its purpose 
exceedingly well when dealing with comparatively small powers, but to operate 
satisfactorily so that the mean moment of the frictional resistance of the braky 
should just balance the mean moment of the engine effort ample arrangement 
must be made for the dissipation of the heat generated. When larger powers 
came to be dealt with it was realised that special precautions were necessary to 
keep the temperatures down to practical limits. This was usually effected by 
water jets arranged to carry off the heat. ; 

In 1876 Osborne Reynolds (8) had occasion to carry out some tests on a steam 
turbine running at about 12,000 revolutions per minute and in place of a friction 
brake to measure the power developed he used a centrifugal water pump working 
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FIG. 10. 
Details of the brake shown in Fig. 9. 


into itself, the reaction on the casing being balanced by counter-weights in the 
usual manner. The head against which the pump delivered water was controlled 
by a valve in the external circuit between the exit and inlet passages of the 
pump. This novel system was brought to the notice of the Mechanical Section 
of the British Association in 1877, and at the same meeting Froude described 
his hydraulic brake in which the same principle of regulation was used, namely, 
by sluices in the passages between the revolving wheel and the casing. Froude 
read his now classical paper *‘ On a new dynamometer for measuring the power 
delivered to the screws of large ships,’’ before the Institution of Mechanical 
Engineers in July, 1877, and from this document it is clear that the novelty of 
Froude’s brake over that used by Osborne Reynolds lay in the internal design 
whereby he obtained a maximum resistance to rotation with a given size of wheel. 
The invention of the Froude hydraulic absorption dynamometer was the result 
of a request to Froude by the Admiralty to design an apparatus to measure the 
powers of large marine engines. Froude intended to employ the well known 
friction brake, but on consideration he realised the impracticability of such an 
apparatus and was thus induced to search for an alternative and simpler means. 
In the friction brake the power delivered was measured, as stated by Froude, 
by the rate at which a known weight was being virtually drawn out of a well of 
indefinite depth and a change in power delivered produced a change o speed, 
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since the weight was constant. In his hydraulic apparatus the engine would 
still be virtually winding up the weight out of the well, but the weight would 
vary with the speed of rotation in similar manner to the resistance of the propeller 
itself and thus the work done by the engine on the brake would closely resemble 
its operation when driving the screw. 

The Froude hydraulic absorption dynamometer is so weil known to-day that 
it should be unnecessary to give a description of it to an engineer. It may be, 
however, that there are some users of it who have never enquired deeply into the 
principle of operation of this ingenious apparatus, and so a reference will be 
made to a few outstanding points. The next three figures show the diagrams 
as described by Froude in his original paper. Fig. 11 illustrates the method 
intended for mounting the dynamometer in place of the screw on a ship in dock, 
the beam F and cable G serving to transmit the reaction of the casing C through 
the point H to the recording mechanism Ff on the quayside. Figs. 12 and 13 
show the internal arrangements of the rotor B mounted on the shaft A and 
rotating within the casing C and shrouded when required by the sluices FE 
operated on each side by bevel wheels and shafts. The drive L served to operate 
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Mode of application of Dynamometer for testing the Delivered Horse Power of Engunes 
between 550 and 2000 H. P. 


Froude’s brake of 1877. 


a speed counter in the recorder 2. The turbine rotor and the casing each have 
the characteristic oval channel closed radially by a series of diaphragms and 
iorming cells. The turbine rotates while the casing remains at rest, so that 
one half of each cell moves past the other. When the channel and the whole 
‘asing is filled with water and the turbine rotates, the water in each half cell of 
the rotor moves outwards under the centrifugal force and in doing so it moves 
inwards the water contained in the stationary half cells of the casing. In this 
way continuous currents are established, the speed of which continue to increase 
until the friction they experience in traversing the cells produces a resistance 
equal to what Froude called a potential or speed producing power which has a 
rate of growth quite independent of the centrifugal force that started it. The 
total reaction consists of a number of reactions obtained from the series of fluid 
steams maintained in this condition of intensified vortical rotation by the turbine 
revolving inside the casing. The streams are alternately decelerated by their 
passages from the rotating to the stationary members and tend to impress their 
fotation on the casing, and accelerated when passing from the casing to the 
turbine and tend to retard its rotation. The main point is that the speed of the 
streams is intensified by the reactions to which they are alternately subjected, 
and Froude showed that a very large total reaction could be obtained within a 
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comparatively small casing. To quote Froude’s own words :—‘‘ A simple 
of expressing the magnitude of this force is to regard it as due to the reversaj 


in each semi-revolution of the vortex (that is in the traverse of each half cell) 


of the aggregate momentum of the vortex streams measured in the plane of 


rotation of the turbine; for the streams which on entering the cell are flowing in 
one direction are flowing in the other direction with precisely the same speed 
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Elevation i 


FIGS. 12 AND 13. 


Diagrams of Froude’s hydraulic absorption dynamometer as shown by 
Froude in his original paper in July, 1877. 


on leaving it, and the force due to the reversal is directly proportional to the 
amount of momentum reversed per second. That is the product of the mass 
acted on per second and the change of speed imparted to it in the plane of rotation 
of the turbine; the change of speed is plainly twice the speed of the turbine; 
and the mass acted on per second is as the mean speed of the vortex current 
which bears a constant relation to the speed of the turbine, so that the tendency 
of each vortex to stop the rotation of the turbine and to give rotation to the 
casing is as the square of the turbine speed.’’ If the rotor were suddenly stopped 
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this vortex reaction would continue until dissipated in friction. The other element 
of reaction exists, however, only when the turbine is rotating, and is due, as 
indicated above, to the shearing of the vortex streams when passing from the 
rotating to the stationary members. 

In 1888 Osborne Reynolds had occasion to use some Froude brakes in special 
engine trials (9) at the Whitworth Engineering Laboratory, Manchester. 
During preliminary tests on a model brake having a four-inch wheel it was found 
that the resistance fell off in a surprising manner when the speed had exceeded 


FIGS. 14 AND 15. 
The Froude brake as modified by Osborne Reynolds in 1888. 


a certain limit determined by the head of water under which it was working. 
It was found to be due to air from the water gradually accumulating at the 
centre of the vortex and causing the brake to run only partially full of water. 
Reynolds had the vanes drilled so that water at or above atmospheric pressure 
could be supplied to the axis of the vortex. Similarly he provided ducts in the 
casing open to atmosphere and thus rendered the pressure at the centre of the 
vortex constant at any speed or rate of water supply. He thus found a means 
for regulating the brake without sluices from maximum resistance down to 
nothing. Figs. 14 and 15 show the brake used by Osborne Reynolds and the 
ducts leading to the centre of the two vortex chambers are clearly indicated. 
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The modern Froude brake, however, still makes use of sluices, and the best 
tribute to the inventor is that his brake stands to-day as the hall mark oj 
dynamometric technique and its basic design has never been altered in any vital 
degree. 

With the other known forms of absorption dynamometer, the air brake or 
calibrated fan and the swinging field electrical generator, we need not concern 
ourselves further than to note that although the air brake was patented by 
Walker in February, 1904, and many were used, yet it had been well known in 
France where Renard (10) published an account of his experiments. An air 
brake is only accurate in its power absorption when the conditions of use are 
exactly those in which it was calibrated. 
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General Morin’s traction dynamometer. 


Swinging field generators arranged to be driven by the engine under test had 
their origin about 1881, and an account of one was published by Jervis-Smith (11 
in 1883. Drysdale (12) in 1905 also devised a dynamometer of this type, and 
similar machines are in general use to-day. 

During the development of the absorption machines it was early realised that a 
very desirable dynamometer would be one which would measure the power while 
the engine still performed its useful work. 

To General Arthur Morin (13) is due the credit for having been the first man 
to appreciate the true function of a dynamometer and for having devised power 
recording machines of exceptional merit. He _ introduced _ self-registering 
mechanism on his dynamometers which enabled an integrated record of the work 
done during any period of time to be obtained. In this he employed the area 
method of expressing the product of force and the distance through which it 
acted, the earliest application of which was due to Southern who invented the 
Watt-Southern engine indicator. Morin therefore ranks as the founder of 
dynamometric measurement and his original paper stands with Froude’s as a 
classical contribution to the history of the subject. He discussed practically 
every essential feature of mechanical recording spring dynamometers, a few of the 
headings of the sections of his paper being as follows :— 
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(2) General and particular conditions which dynamometers must satisfy. 

(b) The relationship which it is convenient to establish between the different 
proportions of a spring. 

(c) Longitudinal profile of the lamina of a spring. 

(d) Arrangement of the blades of the springs. 

(e) Arrangements for obtaining a permanent trace of the deflections of the 
spring. 

({) The method of moving the paper which received the trace of the style. 

(g) Observations on the quadrature of curves traced and methods of finding 
the quadrature. 

(h) Use of the planimeter. 

(i) Rotational dynamometers—descriptions of the rotating dynamometer with 
the styles and paper recording apparatus. Etc., etc. 


Fics. 17 AND 18. 


Self-recording mechanism incorporated in General Morin’s 
rotational dynamometers. 
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Fig. 16 shows the traction dynamometer having the springs aa’, bb’, exacth 
similar, having their inner faces plane and their external ones parabolic, con. 
nected by links ff attached by bolts and nuts. Stops ce were provided on the 
base plate ii, which served to limit the deflection of the spring arms under a pull 
acting on the ring r tending to separate the centres of the arms. A_perianent 
record of the deflections was obtained by the stylus attached to the moving 
shackle plate. A fixed stylus served to record a base line on the paper band 
drawn across on the drums from | to g, which was driven at reducing speed by 


FIG. 19. 
Hirn’s apparatus of 1834 for measuring work done by a belt. 


a cord on the reducing diameters of the rotor shown, driving drum g. This was 
to compensate for the increasing diameter, and therefore the speed, of the paper 
roll accumulating on drum gq. 

The planimeter of Ernst was used in the measurement and calculation of th 
work done from the area diagrams obtained. In Morin’s rotational dynamo- 
meters we see a similar application of the self-recording mechanism together 
with the cantilever spring arms arranged to transmit the twisting moment 0 
the shaft to the pulley rim by bending. Figs. 17 and 18 show this apparatus 
It consisted of three pulleys, A, B and C. A was fixed to the shaft, ( was 4 
idler and B was fixed to the shaft through the medium of two radial spring arms 
of which one can be seen lying horizontally to the right-hand side of Fig. 18 
The recording apparatus was operated by the shaft and a paper band was marke 
by pencils to trace the zero line and the line of work done. The springs wer 
parabolic in section to maintain constant bending stress and any convenient 
number could be employed. 

The mean twisting moment acting was found from the area of 
diagram drawn, and also the whole work done. Morin also built a dynamometer 
that gave much useful service in official tests of competing machines; it trans 
mitted so horse-power and had six radial spring arms made of flat tapered stee 


fixed to the boss of the wheel and bearing on rollers at their outer ends. 
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Hirn in 1854 appears to have been the first to devise a means for measuring 
the work transmitted by a belt. His apparatus (14) is shown in Fig. 19 intro- 
duced between a hand-driven pulley and an early electrical machine. The weights 
in the scalepans gave a measure of the tensions of the two sides of the driving 
cord which is one of the factors required in computing the power transmitted. — 

We owe to Hirn, too, the credit for introducing the idea of estimating power 
from the torsional deflection of the shaft transmitting it, and Fig. 20 gives an 


ave son compteur 


Fic. 20. 


Hirn’s mechanism for estimating power from torsional deflection 
of a shaft (1867). 


illustration of this interesting mechanism constructed in 1867 by Hirn who used 
it to measure up to about 280 horse-power. 

The shaft AB was geared at each end to layshafts b,b, by gears r,p, and 
\p; The layshafts met in the middle in a differential gear unit a,d,a,. When 
ihe shaft AB twisted, the layshafts b, and b, rotated in opposite directions rela- 
tively and the differential wheels d, and d, rotated. These carried the spindle 

which tilted and drew the counter mechanism across the disc D. The counter 


27% 


Hirn’s method of calibrating a shaft under known twisting conditions. 


unit was hinged at the point S, by the lever S,S,.. The disc D was rotated from 
the shaft 4B and the planimeter wheel of the counter therefore rotated at a 
speed proportional to the product of the twist of the shaft and its speed of 
rotation. The counter mechanism was based on Amsler’s planimeter. 

The levers EE, and ,E, served to carry the layshafts at the points yy, 
in bearings. The levers had rollers i,k, at the lower ends bearing on a hori- 
zontal surface. When the shaft 4B moved other than in torsion the gears p,p, 
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would have recorded the motion had it not been for the compensating effect of 
the levers E,E, which served to move the gears p,p, by the required proportional 
amount to cancel the record of the unwanted motion. Fig. 21 shows the method 
adopted by Hirn to calibrate the shaft under known twisting moments ; the 
relative torsional deflections of the pulley faces at a,b, and a,b, were measured 
for various applied moments. 

Fig. 22 shows Froude’s transmission dynamometer of 1858. It will be seen 
that the power was transmitted by the relative tensions in the belting on either 
side of the driven pulley of a machine. ‘The belt passed from A to B over pulleys 
C and D, which were carried at the opposite ends of a swinging beam / and 
equidistant from the centre F on which the beam oscillated. The guide wheel 
G served to maintain the upper and lower runs of the belt parallel in spite of 
large angular deflections of the beam FE. As shown, the upper pulley C carried 
the tight side of the belt and the lower pulley D the slack or trailing side. Thus, 
if the belt tensions were equal the swinging beam FE would be in equilibrium in 
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Side Eloration of New Belt Dynamemeter. 


Fic. 22. 


Froude’s transmission dynamometer of 1858. 


practically any position. The spring balance J attached to the upper end of the 
beam resisted its tendency to swing under unequal tensions. At all times, there- 
fore, it recorded exactly the difference of tension between the tight and slack 
sides of the belt. As the belt tensions varied with the power being transmitted 
the extension of the spring varied correspondingly. These variations were 
recorded continuously on an integrating apparatus together with the distance 
travelled by the belt. The product of these was the work done and if time were 
also recorded a measure of the power would have been obtained. 

One should note that the tensions recorded by the spring were double the 
difference between those of the main runs of the belt because the belt acted on 
both sides of each pulley C and D. The self-recording apparatus consisted of the 
cylinder K mounted on a frame attached to the end of the apparatus and driven 
by the spindle of the top pulley N and caused to revolve by the screw and worm 
wheels coupled with the upper pulley C. The revolutions of the cylinder K 
represented on a reduced scale the revolutions of the pulley C and therefore a 
measure of the travel of the belt. 

A pencil operated by the motion of the beam E marked the extension of the 
spring balance. The resulting diagram drawn therefore represented to some 
scale the product of force and distance it has moved. 

It had been found that to prevent the belt slipping the tight side should be at 
least three times the tension of the slack side. 
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In july, 1876, a Mr. William Rich presented a paper (15) to the Institution of 
Mechanical Engineers which is of definite historical value, containing descrip- 
tions of the various dynamometers and apparatus used by the Royal Agricultural 
Society of England. Each year from about 1846 to 1876 this Society carried 
out steam engine and implement trials which were enthusiastically supported by 
the manufacturers themselves on account of the accuracy and impartiality of the 
methods employed. The Society used three main types of measuring instrument. 
One of them, the roo h.p. friction brake, has already been. discussed, and the other 
two, the traction types including spring links and dial balances, and rotary 
transmission types, are worthy of mention. Fig. 23 shows one of these early 
spring link balances of the kind due to Regnier but of improved manufacture. 
The spring AA was elliptical with traction hooks each end. When pulled the 
spring elongated and the width was reduced at the same time. 
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23. 


An improved spring link balance of the type due to Regnier. 


A simple linkage served to move a pointer B over a suitable scale. The use 
of an oi! damping cylinder C will be noted. This type of instrument was soon 
found unsuitable for horse traction work on account of the jerky and irregular 
motion which introduced difficulty in reading the mean force. 

Integrating apparatus was therefore introduced of which the plough dynamo- 
meter was the first example used by the Society and made in 1856. It is shown 
in Figs. 24 and 25. These diagrams are practically self-explanatory, the 
interesting feature from our present point of view being the integrating apparatus. 
It will be seen that the pitch chain D drives the speed mechanism from wheel PB 
which is larger than the others and is adjustable on the are of a circle C, to 
permit it to run on the unploughed surface while the main wheels run in furrows 
of any depth. The shaft FE which carries the disc F and the paper drum G, 
operated by a*worm and wheel, are driven at speeds proportional to the speed of 
the traversing wheel B and therefore of actual translational speed of the imple- 
ment being drawn. The drum G carries a sheet of paper around it and a pencil 
is used to mark a straight zero line as the drum revolves. The tractive effort is 
transmitted from the point K by means of the two coil springs N and O and the 
dash pot \f to the point L at,the rear end of the drawbar. The drawbar pull is 
recorded on the paper drum @ by the pencil U which is attached to the sliding 
bar PP. On this bar is mounted a small spindle carrying a wheel S about 14in. 
diameter. This wheel was pressed against the rotating disc F and thus drove 
the integrating counter T. 
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In this way a complete record of the work done was obtained. If when the 
springs were unloaded, the small disc S was positioned exactly at the cenire of 
the disc F the transverse movement of the drawbar moved the disc S across the 
face of the larger one and the velocity ratio of the two was varied. We have 
seen that the disc F' rotated at a speed proportional to the translational speed of 
the implement being drawn and the radius of action of the small disc S was 
proportional to the tractive effort. Thus, using suitable constants for the spring 
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Plough Dynarnemeter 


tide Elevation. 
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Plough Dynamometer 
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FIGS. 24 AND 25. 
Integrating apparatus introduced into the plough dynamometer of the 
Royal Agricultural Society in 1856. 


characteristics and ratios of the various wheels, records were obtained of the 
total work done and from the paper drum G the variations of pull during the run. 

The horse dynamometer, Figs. 26, 27 and 28, ,was designed to represent 4 
harnessed cart horse in any implement or vehicle to be tested. It was first used 
at the Bedford Meeting of the Royal Agricultural Society in 1874. It was 
designed with great care and incorporates the results of all the experience gained 
in the use of the plough dynamometer. 
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Before starting the design a 16-hand cart horse was harnessed to an agricul- 
tural waggon and afterwards to a two-wheeled cart and his action in drawing 
these along straight and deflected courses was carefully observed. No trouble 
was spared in experimenting with distribution of load, position of shafts, collar 
chains and many other important points only understood by those accustomed to 
harnessing horses into carts. Only when all these points had been decided upon 
did the mechanical construction proceed. 
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Horse Dynramometer. 
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FIGS. 26 AND 27. 


Horse dynamometer, designed from the experience gained in the use of 
the plough dynamometer, first used at the Bedford Meeting of the Royal 
Agricultural Society in 1874. 


Reference to the diagram will again explain much of the detail. The recording 
apparatus is similar in principle to that described for the plough dynamometer 
with the introduction of bevel gearing in place of the chain drive. The springs 
RE were approximately parabolic in longitudinal section and three pairs were 
provided to deal with maximum pulls up to 1,600lb. The damping cylinder G 
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should again be noted and the error of displacement introduced by the omission 
of a tail shaft on the piston. The maximum range of motion of the slide and 
integrating disc S was 8 inches, giving a maximum scale of 2o0olb. per inch of 


deflection on the paper record. 
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Horse Dynamometer. 


Side Elevation. 
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Details of the recording apparatus of the horse dynamometer 
shown in Figs. 26 and 27. 
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FIG. 20. 
Rotary dynamometer used by the Royal Agricultural Society in 186. 
Rotary DyNAMOMETER. 


Two rotary dynamometers were in use by the Society, one of 20 h.p. at 
120 r.p.m. and first made in 1850, and repeated in 1854 and 1860, and the other 


of 50 h.p. for testing ploughing tackle and made in 1864. 

Fig 29 shows the last 20 h.p. machine, which consisted of a pair of fast and 
loose pulleys A and B on shaft CD. Pulley A is keyed to this shaft and is driven 
by the engine. The machine under test is driven by belt from pulley |} which 
is coupled to pulley A by means of a set of springs. 

An integrating counter Q and a pencil for recording diagrams on the paper 
cylinder R were provided. The travel of the crosshead L and slide O is obtained 
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by contact of the crosshead against the screw faces K and thence the motion of 
the pencil and integrating disc P is achieved. This will be proportional to the 
deflection of the springs which are nearly proportional to torque. 

The 50 h.p. dynamometer followed Morin’s design and had six straight radial 
springs attached to the boss of the pulley B, and bearing against rollers attached 
to the arms of the pulley A just inside the rim. The flat tapered springs acted 
as cantilevers loaded at the bearing rollers at their tips. These springs gave a 
linear relationship between deflection and load and were much more satisfactory 
in operation. The integrating apparatus was similar to that for the 20 h.p. 
apparatus. 

Hermann Frahm (16) in 1899 appears to have been the first to investigate the 
problem of torsional resonance in shaft systems. He was concerned to know why 
marine propeller shafts frequently broke under conditions which could not normally 
have imposed excessive stresses. An experimental investigation was begun 
which yielded most valuable information on the manner of the fluctuation of the 
torque between the engine and propeller. Dr. Fottinger (17) in 1903 was also 
engaged on a similar problem, and for the purpose he designed a very interesting 
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Electric torsionmeter invented by Denny and Johnson in 1909. 


torsionmeter operating on mechanical principles, using pivoted levers. These 
were arranged to record, om a rotating drum concentric with the shaft, the rela- 
tive torsional movement of two flanges attached to sleeves locked at their extreme 
ends to the shaft over a portion of its length. From about 1892 onwards, how- 
ever, Archibald Denny (18) had been experimenting with torsion measurements 
on ship shafts by optical means, and about 1898 he began to use electrical methods. 
His first attempt used electrical contacts at points some distance apart on the 
shaft arranged to operate by sounds in a telephone receiver, in a manner similar 
to that described by Jervis-Smith (19) in 1808. 

Denny found, however, that uncertain results were obtained; some incon- 
sistencies appearing as to the proper phasing of the contacts. Although he 
did not appear to appreciate it at the time, this effect was most probably due to 
torsional vibrations in the shaft. Johnson further improved the method by 
abolishing contacts altogether and using permanent magnets attached to the 
shaft and moving over fixed coils, one of which could be adjusted circum- 
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ferentially by hand to the same null reading position that obtained when the shaft 
was stationary. In 1909 Denny and Johnson invented a completely novel and 
excellent improvement shown.in Fig. 30. According to their patent specifica‘ion 
No. 3,814 of 1909 ‘‘ There is provided firstly, a device for creating a magnetic 
field; secondly, a device in which that magnetic field induces a current; and 
thirdly, means for varying the inductive effect of the first device upon the second 
in accordance with the relative movements of the sleeves or equivalents.’’ The 
first two elements consist of electro magnetic coils with iron cores forming a 
primary and secondary of a transformer with an air gap between the adjacent 
cores. The primary coil was energised by an alternating generator and the 
secondary was connected across a current measuring instrument, slip rings and 
brushes being used to make the connections to the moving members. Referring 
to the figure it will be seen that the coils are auto connected through the terminal 
Ato, and the circuit is then from earth point A8 through the alternator 47, wire 
A6, brush A5, slip ring A4, wire 43 to coil 42, thence to terminal Aro, coil Ba, 
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Original illustrations of Amsler’s dynamometer described before thi 
Institution of Mechanical Engineers in July, 1911. 


wire B3, slip ring B4, brush Bs, wire B6, voltmeter B7, and thence to earth A$. 

It appears that this was the first induction torsionmeter ever proposed and it 
was used successfully by the famous firm of William Denny and Brothers, ot 
Dumbarton, of which Archibald Denny was a partner. 

In July, 1911, Dr. Alfred Amsler (20) described a hydraulic transmission dynamo 
meter before the Institution of Mechanical Engineers. His original illustrations 
are shown in Fig. 31, the diagrams of which are practically self-explanatory. 
One pulley D floating on the shaft carried a pair of cylinders and pistons, the 
outer ends of which were attached to arms on pulley B which was keyed to the 
shaft. Oil was supplied to the cylinders through the hollow shaft C and _ pipes 
G and the circuit was closed by the pressure gauge O together with the pressure 
recording gear comprising paper carrying drums Q and R and a pencil moved 
by a spring loaded plunger. The torque transmitted by pulley B to /) was 
recorded as a pressure on the gauge and a curve of a variable torque was also 
obtained. There is no record of this apparatus ever being widely used, but it is, 


however, of definite historical interest. A photographic view is given in I'ig. 32. 
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No further developments took place until 1920 when Joseph Ford (21) added 
to the known air gap system the idea of a primary circuit that imposed a constant 
load on the alternator by providing an opening and closing air gap actuated by 
the same torsional deflection of the shaft. Secondary coils connected in series 
opposition provided a resultant voltage output, sensibly proportional to change 
of gap, which was indicated on a suitable instrument. Later Ford added to his 
system a balancing device operated by hand to give a null reading. This took 
the form of a similar transformer set with its primary coils connected in series 
with those of the torsionmeter and with its resultant secondary voltage arranged 


DYNAMOMETERS 


Fig. 32. 


Dr. Amsler’s hydraulic transmission dynamometer (1911). 


to oppose the other through a current measuring instrument. Slip rings and 
brushes served as before to make the necessary connections to the moving parts 
of the circuits. The system, as manufactured by Messrs. Siemens Bros. and 
shown in Figs. 33 and 34, has been in use on marine shafts and considerable 
success has been reported in its operation. 

In 1924 E. B. Moullin (22) also designed a torsionmeter on the variable air gap 
principle. A simple scheme was used in which an alternator supplied a single 
choking coil having a suitable air gap in the iron circuit. The sleeve system was 
used to span the required portion of the shaft and half of the iron core was 
mounted on each sleeve disc as before. The change of air gap due to shaft 
twist provided a change of inductance of the coil and a change in current resulted, 
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which was indicated on an ammeter calibrated in terms of torque directly, 
Fig. 35 shows various views of the construction of this apparatus and the plan 
of the magnet mounting is shown at F. The part marked ‘‘ a ”’ was fixed to 


the shaft and that marked ‘‘ b ’’ was attached to the sleeve which moved with the: 


” 


section of the shaft about four feet away from “‘ a. Two separate coils clec- 
trically connected in series forming an air gap unit were provided at each end 


FIG. 33. 


F1G. 34. 


Ford dynamometer as manufactured by Siemens Brothers. 


of a diameter of the shaft as shown at C. These two air gap units were connected 
in parallel to the slip rings. The circuit diagram is shown at D and it will be 
seen that the virtual value of the current depends on the self-inductance of the 
coils and therefore depends on the twist of the shaft. The current was increased 
by an increase of air gap, and the ammeter scale was arranged to allow readings 
to be made when the shaft was rotating in either directions. The rate of increase 
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of current was arranged to be proportional to the rate of increase of air 
gap and this depended on various factors. If the length of gap is small 
compared with the cross section of the cores and the coils surround the air gaps 
and the number of turns of the winding and flux density in the cores are suitably 
chosen then the relation between air gap and current is practically linear over a 
wide range of movement. 

Fig. 36 shows a typical calibration curve which was obtained statically within 
1 per cent. Using this relationship and the known diameter of shaft and length 
spanned the ammeter was graduated to read torque directly as shown. The 
accuracy of this scale depends on the value for the modulus of rigidity G of the 
shaft material and this was taken as 12 x 10° Ib. per square inch and is accurate 
within a limit of 4 per cent. This 4 per cent. limit was determined by Professor 
B. Hopkinson and independently by Moullin from tests on a number of ship 
propeller shafts. End thrust has been shown by Hopkinson to affect the modulus 
of rigidity by not more than 1 per cent. The supply voltage used was about 


t of Torsionmeter. (Moullin.) 


A. B. c. 


FIG. 35. 


KE. B. Moullin’s air gap torsionmeter of 1924. 


100 volts at from 50 to 100 cycles per second and the maximum current taken 
by the coils is about 0.3 ampere. Moullin has shown that the current through 
the apparatus is proportional to air gap and is independent of the speed of the 
alternator which is arranged to have a constant field magnet strength. Thus the 
operational conditions are expressed by the equation :— 
(4 27n?L? + R?) 
where = virtual supply voltage. 
=virtual current. 
n= frequency of alternator supply. 
inductance of coils. 
R = resistance of coils. 
This may be written to a first approximation as 
E { 1+4 (R?/4 x?n?L?) } 
Now RF is arranged to be about 1/20 of the value of 2 znJ and thus the above 
equation becomes 
= (1 + 1/800), 
t.e., E=I2nnL. 
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With the constant field alternator E/n is constant so that 
I=E/2amL=K/L 
but 
L=A 
so that 
[= Kg [A= Ag 

and is also independent of R so that the resistance of the leads and the brush 
contacts on the slip rings can be neglected. 

Moullin has also shown that the ammeter, even when the torque is fluctuating 
about a given mean value, will indicate the mean value within very close limits, 
For example, with a 20 per cent. variation in the transmitted torque the indica- 


Calibration Curve for Torsionmeter. 
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Fig. 36. 
Typical calibration curve with ammeter graduated to read 
torque directly (Moullin). 


tion will be too large by only about 0.6 per cent. and if the fluctuations ot torque 
are 50 per cent. of the mean the ammeter reading will be too large by about 
3 per cent. For larger torque fluctuations such as occur in aero engine systems 
the error in mean reading very quickly rises to much larger values. For example, 
with fluctuations of 200 per cent. of the mean the reading would be approximately 
12 per cent. too large. 


Part II. 
VARIATION OF ENGINE PoWrER wWitu HEIGHT. 


One of the main problems of pressing importance in aeronautics concerns the 
variation of engine power with height. For many years now attempts have 
been made analytically to arrive at a reasonable law for this variation, but dis- 
agreement between calculated and observed performances of aircraft based on the 
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supposed power factors has always kept critical attention focussed on any possible 
solution of this important matter. 

Originally aerodynamic methods were used and aircraft and engine perform- 
ances were investigated and compared under various atmospheric conditions. It 
was natural that this relatively simple method of attack should be used at first 
because there were many difficulties involved in the direct measurement of engine 
power in flight, while even to carry out bench tests under altitude conditions 
required much careful preparation and the use of very expensive equipment. It 
is clear, however, that the direct method is the only satisfactory solution to the 
many performance problems awaiting treatment, for, among other important 
reasons, it removes the uncertainty that attends the unavoidable inter-linking of 
engine and airscrew characteristics when making the analysis by the aerodynamic 
method. There is, of course, also the important point that the engine designer 
wants to know the actual values for, and not merely the form of, the law of 
variation of power. ; 

So much has already been published on this subject that one finds difficulty 
in attempting a summary of the present position before proceeding in 
Part III to a description of a new transmission dynamometer developed by the 
author primarily for the direct measurement of engine power in flight. 

Two analytical methods of study are available. The first discusses the effects 
from an engine point of view and therefore it concerns itself with indicated power 
and mechanical efficiency. The second is the aerodynamic one already mentioned 
and which deals only with the effect of height on brake horse-power. 

Much experimental work has been done which proves that the i.h.p. of a 
normally aspirated engine is proportional to the weight of air consumed per cycle 
within relatively wide limits of pressure and temperature. 

If the pressure in the cylinder is taken to be atmospheric before compression 
and the temperature proportional to that of the atmosphere, then the indicated 
power factor would be :— 

Similarly, if the charge temperature remained constant at all heights, then 

the i.h.p. would be proportional to pressure only and we would have :— 

In this summary 6, p, and o are taken to mean the ratios of temperature, 

pressure and density to their respective standard values and by definition, 

Experimental evidence has shown that the i.h.p. of an engine is proportional 
to p and to 1/7 where T is the absolute temperature of the external air and 
therefore the power factor can be expressed in the general form :— 

Y= p/P=pl-aea ? (4) 
and bench tests have shown that in general a=}, giving :— 

The diagram in Fig. 37 illustrates these relationships. 

Now it has been found in bench tests that the pumping loss in an engine 
varied practically as P//T in similar manner to the i.h.p. and it could be 
reasonably assumed that friction losses were a function of speed only. It is now 
possible to write down an expression for the brake power factor @ in terms of the 
ih.p. by taking account of the lost h.p., and Pye has shown that, in the 
standard atmosphere, if J, represents the i.h.p. at ground level and m the 
mechanical efficiency at normal speed full throttle the constant friction loss at 
ground level is :— 

and 
{1+ (A—Am)/m } — (A—Am)/m (7) 
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Pye also shows that very good agreement has been found between the values 
for @ calculated from equation (7) compared with those deduced from aeroplane 
type trials at various standard heights. 

In past years a number of experimental investigations to determine the form 
of the power law have been carried out at the Royal Aircraft Establishment. 
The results of three relating to naturally aspirated engines have been published 
as follows :— 

Reports and Memoranda No. 462 (Pinsent and Renwick). 
Reports and Memoranda No. 960 (Stevens). 
Reports and Memoranda No. 961 (Garner and Jennings). 

R. and M. 462 described flights with five different types of engines, using: the 
airscrew as a torque dynamometer. The conclusions of this report lead to a 
pure pressure law for the brake power factor. 


4 


HeicnT. 


FIG. 37. 


R. and M. 960 employed three different methods to determine the power factor 


on a Puma engine, of which two only gave useful results, (a) using the airscrew 
characteristics, and (b) by comparing the rates of climb under conditions of 
sufficiently different atmospheric temperatures at the same aneroid height. From 
the first method the law appeared to lie between pressure and density, while the 
results of analysis of the rates of climb confirmed that pressure was the criterion. 

Nothing more was done for some time until the appearance of the Bendemann 
hub in Germany in 1g2t led to a revival of interest in England on this problem, 
and a dynamometer hub to this design was constructed at the Royal Aircraft 
Establishment suitable for a high speed Lion engine. The hub embodied 
hydraulic means similar to those of Amsler for taking the torque and_ thrust 
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reactions of the airscrew. Mechanical difficulties occurred, however, and the 
apparatus never reached the stage of flight trials; 

R. and M. g61 dealt with a B.R.2 rotary engine with its crankshaft held in a 
spring torque reaction mounting which gave an indication on a pointer in the 
cockpit of the mean deflection of the mounting. The springs were calibrated 
under known torques and thence the engine torques when running were obtained. 

The general conclusion of this report was that the power factor followed nearly 
a pressure law. 

In R. and M. 1080, published in 1927, Capon drew attention to a recon- 
sideration of certain results by statistical methods that led to a view that the 
power factor could be well represented by f (p?/°o'/*). 

In Rk. and M. 1ogg, published in 1927, Glauert re-analysed the results of the 
above investigations and showed that the general form of the power factor could 
be taken as the simple pressure law p, but for more refined work the law 
f(p?/*r'/*) should be used. 

' This, then, is the present state of knowledge regarding power factors for 
naturally aspirated engines. When we consider supercharged engines we find 
that no direct measurements of engine power variation in flight had been made. 

Later on the discrepancy between estimated and actual performance of the 
“Fawn ”’ aircraft with a supercharged Lion engine led to renewed activity and 
the Bendemann hub was adapted to this aircraft and the unit was recalibrated 
in 1928. It was later decided to transfer the investigation to a Lion D.H.9A 
and flight work was carried out with the object of finding the power factors 
directly. The results were disappointing in that the performance of the hub 
was influenced by the viscosity of the oil used in the system and errors of torque 
of about +10 per cent. were encountered. 


Part III. 


A\ New TRANSMISSION DYNAMOMETER DEVELOPED PRIMARILY FOR THE 
MEASUREMENT OF ENGINE POWER IN FLIGHT. 


At the beginning of 1930 it was decided by the Air Ministry that work should 
proceed, aiming at the evolution of a satisfactory transmission dynamometer for 
the measurement of engine power in flight and in the then proposed 24ft. wind 
tunnel. 

In Part I of this paper we have noted that transmission dynamometers have 
made use either of belts in the drive or of some flexible element which could be 
deflected by the transmitted force. Considering only the use of flexible elements 
we have the radial cantilever springs of Morin or the length of shaft in torsion 
as originally suggested by Hirn. These forms cover the known use of material 
stressed in bending and in shear. Of the recording mechanisms we can choose 
from many mechanical systems or from the more attractive electrical methods, such 
as piezo-electric crystals, capacity units, resistance pressure elements, or the 
variation of air gaps in iron circuits, available to-day for measuring a deflection 
between two members. 

From a critical discussion of the available methods as one would employ them 
in a practical transmission dynamometer, I believe that the variable air gap 
method as now developed provides a basic arrangement which can be very 
favourably compared with the others—one of its main features, in common with 
that of a capacity unit, being that no direct connection need exist between the 
two moving members other than the flexible element providing the desired relation- 
ship between force and deflection. 

At a conference held at the Royal Aircraft Establishment on 19th March, 1930, 
to consider certain design suggestions put forward, the line of attack chosen 
for the research was the construction of a torque meter in which the angular 
deflection of a spring element inserted in the drive between an engine and airscrew 
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would be measured by electrical means using variable air gaps. Thus we find 
two of the time-honoured foundations for transmission dynamometer design being 
remoulded and combined in the light of modern knowledge of the application of 
scientific principles and the use of new materials. The basis of the electrical 
system chosen is due to Ford and may be described again briefly as one in which 
the E.M.F. due to change of inductance of a transformer secondary coil, con- 
sequent upon a change of air gap in an adjacent iron circuit forming the core, 
is balanced by an equal and opposite E.M.F. generated in a remotely situated 
receiver having a similar circuit operated by hand. 

In the present torque meter the dedection of the spring element is arranged to 
vary the air gaps in the system specially developed for the purpose and an 
electrical balance is obtained by means of a micrometer screw device on the 
receiver ; the balanced position of the air gaps being read off a scale attached to 
the screw as in the Ford torsion meter. The null reading condition of electrical 
balance is indicated by a moving coil current measuring instrument of adequate 
sensitivity. When forced torsional oscillations are present in the drive the air 
gaps vary cyclically about the mean value and the true mean deflection is still 
readable in terms of electrical balance of the moving coil instrument, the 
mechanism of which is then suitably damped. In the earlier air gap instruments 
of Denny, Ford and Moullin, the systems were energised from small alternators 
or by interrupted direct current of relatively low frequency. The latest unit of 
the present apparatus is fed from a special 1,500-cycle alternator designed to 
have a sinusoidal voltage output. This high frequency is essential to deal with 
the presence of torque oscillations in the airscrew drives of aero engines up to 
about 200 per second, so that the integration of the torque variation may be 
sufficiently accurate. 

Two torque meters have been constructed and these will now be described in 
a general way, together with some of the results obtained to date during the 
test work. A full technical description of the new torque meter is rather outside 
the scope of the present paper which aims rather at reporting the conclusion of 
the initial research with some measure of success, and the existence of the 
apparatus in a form suitable for accurate work so that by discussion of the out- 
standing engine problems requiring direct measurement of torque, and _ the 
design application of the apparatus to modern engines with variable pitch air- 
screws, efficient use may be made of the facilities for carrying out any particular 
investigations that may be desired. 

The basic design for the first torque meter was put in hand after the conference 
of the 19th March, 1930, and was completed about the end of October, 1930. 
Construction began in November and the apparatus was ready for a preliminary 
static calibration on 1st May, 1931. Meanwhile some experience had been gained, 
using a Ford air gap unit taken from a marine installation and mounted on a 
spring element of a flexible hub then being developed in connection with the 
investigation of torsional vibration problems—a subject which B. C. Carter 
in the aeronautical field has enhanced with the results of much valuable research 
work and original mathematical investigation. 

Much development work preceded the engine bench tests which began in 
February, 1932, but due to a spline failure in April necessitating some redesign 
and construction, the torque meter was not available for further test until Septem- 
ber, 1932. Intensive research then proceeded, covering some 7o or 8o hours’ 
running on the test bench on a Jupiter VII supercharged direct drive engine and 
using a Froude brake as the criterion of torque. By April, 1933, the apparatus 
was capable of measuring shaft torque with an accuracy within +2 per cent. at 
rotational speeds between 1,400 and 1,800 r.p.m. At constant speed accuracy 
within 0.3 per cent. had been obtained, the greater range of error +2 per cent. 
being due to a speed effect caused by mechanical strain on parts of the electrical 
system. This was rectified as far as possible and the dynamometer was trans- 
ferred to a Wapiti aircraft together with the Jupiter VII engine for flight tests. 
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In all the bench tests special precautions were taken to ensure that no possible 
errors could affect the readings from the Froude brake and to make these as 
accurate as possible a steelyard weighing table was used to measure the brake 
pull instead of the conventional spring balance fitted on the older models of this 
brake. Care was taken also to ensure that no errors accrued from the pipe 
bends leading the water to and from the turbine chamber of the brake. 

The instrument for recording the shaft speed consisted of an Askania revolution 
counter modified to suit the conditions of use. This interesting apparatus 
consists of a veeder counter rotated from the shaft concerned by a short flexible 
drive, and an inked tape and paper strip are arranged to move across the counter 
wheels. An electric timing clock giving half second intervals is arranged to 
operate a solenoid which causes a typing hammer to stamp the veeder readings 
on the paper strip. In this way a record is obtained of engine revolutions every 
half second, and by taking the record over a suitable time interval the mean 
speed can be computed. 

The digit wheel of the counter is engraved with three each of the digits, 
nought to nine, in staggered formation. This enables the revolutions to be 
counted within one-third of a revolution in half a second. This Askania counter 


Fic. 38. 


was transferred to the aircraft with the rest of the apparatus and proved invaluable 
in the accurate determination of engine speed on which, with the torque meter 
reading, depended the accuracy of the power estimation. 

The preliminary work was directed to establish the general accuracy and 
reliability of the whole apparatus. The flight work consisted therefore of climbs, 
level flight and glides at different engine and airspeeds, so that data might be 
obtained for the plotting of the complete airscrew characteristic curve kq/J. 

The various aerodynamic measurements such as height, airspeed and atmo- 
spheric temperature, together with the engine data, boost, airscrew speed and 
torque reading were recorded in an automatic observer unit to ensure the best 
accuracy obtainable from the instruments by simultaneous photographic recording. 

The scattering of the points around the mean curve was at first fairly consider- 
able, being up to about +10 per cent. on occasions for a wooden airscrew. This, 
of course, included the +2 per cent. speed effect in the torque meter and the 


remainder could have been due to individual errors in the various observations of 
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V, n and p, of not more than 1 per cent. each, however, together with any engine 
airscrew interference effects and blade twist that might be taking place. 

At a convenient stage of the tests opportunity was taken to remove the |! ord 
electrical unit and replace it with the new system specially designed for the 
purpose which aimed at the elimination of speed effects and any movements or 
distortions other than those due to an angular deflection of the spring. Fig. 38 
shows the hub portion of the new electrical system which consists of a disc of 
the insulating material known as linen laminated bakelite, carrying six trans- 
former units having each two air gaps in their iron circuits. The iron pieces 
shown in position on the disc are rigidly fixed and the outer edge of the disc is 
provided with holes for fitted bolts which attach it to the rim of a radial arm 
spring element. The other part of each iron circuit is arranged to be rigidly 
attached to the boss or centre of the spring element and the six parts are shown 
all in one piece, on the right-hand side of the figure and forming T pieces 
arranged radially. It will be seen that with the disc attached to the rim and 
the iron armatures attached to the boss of the spring, the armatures can be 
designed to lie between the fixed pieces with a circumferential air gap between 
the adjacent ends. Sets of primary and secondary transformer coils are mounted 
in housings, so as to surround the air gaps and the respective circuits are wired 
to slip rings, at the rear of the apparatus, on which suitable brushes make running 
contact. The brushes are mounted in a stationary ring bolted to the front of 
the engine crankcase. 


FIG. 39. 


The receiver portion of the apparatus consists of an exactly similar electrical 
unit, the air gaps of which are variable by hand by the micrometer screw already 
mentioned. The resultant secondary voltages are opposed through suitable 
rectifiers of the Westinghouse metal type and thence through a suitable damped 
moving coil micro-ammeter which has a centre zero to permit a directional effect to 
be obtained. The primary circuits are in series with the alternator output and 
the two air gaps, one opening as the other closes with deflection of the spring, 
serve to maintain a constant inductive load. Fig. 39 shows the theoretical circuit 
diagram. 

The other torque meter was designed from the experience gained from the 
first one, specifically for use in the 24ft. wind tunnel to give readings of torque 
over a wide range from a quarter to full torque of engines up to about 750 h.p. 

This unit will be described with reference to the accompanying figures because 
it contains the latest design improvements. 

Fig. 40 shows a general arrangement of the hub portion and it will be seen 
that the spring element (1) is mounted by a taper and keyed fit on the shaft 
adaptor (2) which serves to mount the whole hub on the engine shaft. The 
airscrew hub portion (4) is arranged to be driven from the rim of the spring 
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element (1) by the flange (3) bolted to it by bolts (34) and it floats at the front 
end on a special ball bearing (85). The electrical system is seen mounted in 
parallel with the spring element between the boss and the rim. The slip rings 
(31) are located on a bakelite former at the rear of the spring element and the 
brushes are held in the stationary holder ring (29). 

Fig. 41 shows the receiver portion of the apparatus and consists as stated of 
an exactly similar electrical system mounted on a base plate (1) with a differential 
micrometer screw arrangement (5) carrying the divided scale (12) from which 
readings are obtained of the balance position of the system when in use. 


FIG. 44. 


The micrometer system is particularly accurate in its operation, the dial is 
marked off in roo equal divisions of about tin. long and one division rotation 
caused a change of air gap at a radius of 7 inches of about one ten thousandth 
of an inch. 

Fig. 42 shows the shaft adaptor and the housing for the front ball race. The 
projecting dogs form limit stops that engage with recesses in the hub plate in 
Fig. 43. 

The spring element is machined from a solid steel forging of S.65 material. It 
is shown in Fig. 44, and consists of 24 double cantilever radial arms connecting 
the boss and rim. The arms are designed to transmit the torque in bending and 
a point of contra flexure occurs at a point on the radius which is determined in 
the initial design whereby, in conjunction with the cross sectional dimensions, 
constant bending stress is obtained. , 

This spring element is mounted on the shaft adaptor of Fig. 42 by the taper 
and key seats shown. 
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Fig. 45 is an outside view of the receiver portion and the general layout of 
the operating hand-wheel, scale and pointer, and a subsidiary wheel for indicating 
complete turns of the scale, are clearly seen. 

Early in the course of the work it became necessary to have an accurate 


Fig. 46. 
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apparatus for carrying out static torque calibrations and the tackle shown in 
Fig. 49 was specially designed for this purpose. The rolling load on the lower 
graduated beam serves to impose pure torques on the dummy airscrew shown 
in the centre of the illustration and positive and negative torques can be smoothly 
applied according to the direction of motion of the load from the central position 
of no torque. The torque meter is mounted on a fixed shaft at the centre of 
the loading arm which is bolted between the hub plates. The apparatus has ball 
bearings at every moviny joint and is extremely delicate in its operation—torques 
of only two or three pound-inches being accurately obtained. 

Fig. 47 shows the spring element mounted on the loading apparatus for its 
first static torque calibration. 


FIG. 47. 


The dial gauge, which reads to one ten thousandth of an inch, was attached 
at a definite radius in such a way as to record the circumferential deflections of 
the spring as it deflected. The range of torque permitted in the spring before 
the limit stops engage is from +60,ooolb. inches to approximately — 12,000lb. 
inches, and some idea of the accuracy of the spring element in maintaining its 
zero at no torque is given by the fact that, after taking the spring through several 
cycles of stress to remove any slight hysteresis in the material and then deter- 
mining its zero setting, it returned after subsequent cycles of stress to this zero 
position within 1/40,000 of an inch at 9.625 inches radius. With the ball bearing 
fitted to support the front of the airscrew, the zero was repeated to within 
1/20,000 of an inch at the same radius. 

After the whole apparatus was assembled and the electrical circuits connected 
a static torque calibration was made. The resulting curve is shown in Fig. 48, 
by the line drawn through the plotted points. The torque meter complete was 
then assembled on a Pegasus engine on the test bench in series with a Froude 
brake and power runs carried out. The relationship between the applied torque 
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plotted points at each of the three engine speeds chosen, 2,200, 1,800 and 


1,600 r.p.m. 


good and a general accuracy within 1 per cent. can be reasonably claimed jy 
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by the brake and as indicated by the torque meter is shown by the 


The agreement with the static torque calibration is seen to be 
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FIG. 49. 


view of the fact that it is difficult to accept the Froude brake accuracy within 
I per cent. 

The slight departure of the plotted points from the curve at the larger torques 
is due to the combination of an electrical system having a linear voltage /deflection 
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characteristic with a spring element having a torque/deflection characteristic 
which is not strictly linear at the higher torque. This is due to the tensions jp 
the spring arms at the larger deflections providing a stiffening effect ‘o the 
characteristic. As a result, when the fluctuations of torque about the mean which 
are present, due to transient effects and torsional oscillations in the shaft system, 
produce a modulation of the secondary output, a smaller mean is balanced by the 
hand operated unit. This modulation being harmonic about the mean is averaged 
out in its effect on the suitably damped moving coil instrument which serves to 
indicate the balanced condition. 

The whole mode of electrical operation of the system is condensed into the 
curves shown in Fig. 49 which shows the output characteristics of the receiver 
unit. 

The changes of primary and secondary voltages with receiver dial reading 
(i.€., proportional to changes of air gap) are plotted and the resultant voltages 
for one pair of gaps and for six pairs are clearly indicated. The limit stops of 
the spring element are arranged to operate to one side only of the balance point 
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shown at the dial reading of approximately 16.4 as it happened to be during the 
observations. This ensures that the phase change that occurs when passing 
through the balance point does not confuse the directional indications of the 
apparatus. 

It will be noticed that the difference between the two curves for primary and 
secondary voltage changes plots linearly tor smalj deflections. This feature can 
be made use of in new designs so that even with a non-linear spring 
characteristic a linear torque/voltage relationship is obtained. To achieve this 
suitable choice is made of primary and secondary turn ratios and corresponding 
initial air gaps. In other words, the point of intersection of the two curves which 
represent opening and closing gaps respectively can be arranged to give 4 
resultant voltage curve which may be linear or not with deflection as required. 

Fig. 50 contains (a) curves indicating the effect of changes of generator speed 
on the zero reading and (b) a curve of sensitivity with Westinghouse metal 
rectifier. It will be seen that within the limits of speed change likely to occur 
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the zero is relatively unaffected, and that the sensitivity is adequate for all 
practical purposes ; the torque required to move the pointer on the microammeter 
190 microamperes or about 2 inches on the dial varies from about 800 to 1,10o0lb. 
inches in relation to an average full mean torque of about 30,000-40,o00lb. inches. 
In other words, a movement of 2 inches of the microammeter pointer represents 
approximately 3 per cent. of the full ‘mean torque usually recorded. 

Before accepting the test bench calibration of the torque meter it was run on 
an engine installation driving an airscrew and oscillographic records were taken 
of the torque curve, together with the mean torque absorbed by the airscrew at 
different speeds. These curves are plotted in Fig. 51. 
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Fig. 53. 
Characteristic curve for a two-bladed wooden airscrew 
in the 24ft. R.A.E. wind tunnel obtained by direct 
measurement of torque. 


This served to check whether the torque oscillations in the drive with the 
dynamometer fitted were sufficient to cause the limit stops to touch. No signs 
of such amplitudes were recorded, although on the test bed the dynamic system 
was such as to indicate on the dynamometer readings that the stops were being 
engaged at one particular speed of running. 

To deal with any circumstances whereby large torque oscillations will occur, 
a form of construction is proposed for the dynamometer to incorporate a damped 
system in the drive. In this construction, Fig. 52, a series spring element is 
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used, part of which is suitably damped in the known manner, and part of which § 
is free, and across which the electrical measuring system is placed. Thus a shaft § incl 
arrangement is obtained whereby torsional oscillations throughout the system — ma’ 
may be adequately damped while the dynamometer portion is left free to operate 
under the very much reduced torque variations about the mean value which is in 
this way unaffected by the damping introduced. 
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So far as the author is aware the best practical design of a damping device for 


Which 

a shaft — inclusion in torsional systems is that due to B. C. Carter, and such a device 
system | may be very simply incorporated in the dynamometer design for this purpose. 
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FIG. 57. 
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To attempt to place a solid friction damper of the known type directly across 
the portion of the spring system on which torque is measured, might introduce 
considerable error in the integration of the torque. To provide a viscous damper 
having a friction torque proportional to velocity of vibration, which should 
theoretically leave the mean torque readings unaffected, would prove too heavy, 
some 30 to 4olb., while its truly viscous mode of operation would be always open 
to doubt. 

This particular torque meter would be suitable for mean torques up to about 
50,000lb. inches provided there were not any resonant effects greater than 
+10,ooolb. inches in amplitude. The weight of this unit as an airscrew hub 
is approximately 2oolb. 

It has been in use in the 24ft. wind tunnel for some months and although the 
results obtained gave rise to some suspicion that the slip ring and_ brush 
resistance was varying with speed, necessitating regrinding the rings, a modifica- 
tion has been made by which it is thought stable operation is again ensured. 


Fic. 58. 


Fig. 53 shows an airscrew characteristic curve obtained by direct measurement 
in the tunnel with the actual points for k, against J plotted. The excellent curve 
that can be drawn through the points is an indication of the consistent behaviour 
of the torque meter. 

Reverting now to the smaller dynamometer used in the flight tests, lig. 54 
shows a view with the rear cover and slip rings removed. The general construc- 
tion can be seen to be reasonably compact. This particular airscrew hub weighs 
some 107lb. and with a Jupiter airscrew fitted the weight is 167lb.—a normal 
hub alone weighing 32lb. 

The receiver for this smaller torque meter is shown in Fig. 55 and is provided 
with a concentric micrometer screw device which reduces the bulk somewhat. 

The installation in the Jupiter VII-Wapiti aircraft can be observed from 
Figs. 56 and 57. 
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The windmill driven alternator on the port wing and the adaptation of a 
Fairey Reed two-bladed metal airscrew should be noted. The cover on top of 
the engine houses the Askania engine speed counter. 

The cockpit arrangement is shown in Fig. 58, the various instruments being 
only experimentally installed. The centre zero balance indicating instrument can 
be seen in the lower left portion of the photograph. As regards flight results, 
suficient has been done to show that the dynamometer can be regarded as a 
useful piece of equipment giving consistent and reasonably accurate results, and 
if a new instrument were constructed to embody the detail improvements con- 
tained in the wind tunnel torque meter one could rely on accuracy of torque 
measurement within 1 per cent. 
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Fig. 59 shows the airscrew characteristic curves obtained for a two-bladed 
wooden and a two-bladed Fairey Reed metal airscrew. It will be seen that the 
scattering of the plotted points is greater for the wooden airscrew than the other, 
and it would appear that this particular airscrew twists to a greater degree than 
the metal one so far as twisting is an explanation of the scattering. 

Some mixture control levels were carried out from time to time and Fig. So 
shows the resulting curves obtained of specific consumption plotted against torque. 
The reasonable consumptions obtained and the characteristic loops indicate the 
general consistency of the dynamometer in measuring power. 
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A number of climbs have been made at constant engine speed to about 7,000 are 
feet and Fig. 61 gives a typical power curve obtained from the observed data. | 
The increase in power to the rated altitude at 7,000 feet is in agreement with de 
the accepted increase of 1.1 per cent. per 1,000ft., while the values for the brake an 
power factor @ are in very good agreement over the fairly large number of climbs me 
made. 
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A typical set of values obtained for @ are given below as an example of the 
consistency of the variation of @ with standard height, using the rated altitude 
7,000 feet as the datum at which the power factor is unity. 


Standard height in ft. Values of @ Air temperature °C. 

7,000 1.0 +6.0 

8,000 0.905 + 4.0 k 
9,000 0.932 + 3.0 
10,000 0.895 +O.5 

11,000 0.86 fey yy 
12,000 0.828 -0.5 
13,000 0.793 2.0 

14,000 0.770 4.0 

15,000 0.741 5-0 

16,000 0.715 6.5 

17,000 0.688 9.0 


The results of all the climbs are being analysed with a view to obtaining the 
law for the power factor in so far as the average law might be dependent on 
pressure and density together. It is thought, however, that the range of height 
from 7,000-17,000 feet dealt with might not be sufficient to show accurately the 
tendency of the engine in this respect. 

It should be mentioned that many of the possible sources of error that might 
vitiate the torque meter accuracy have been examined and their effects, if any, 
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are generally known. For example, atmospheric temperature variations do not 
appear to have any effect on the operation or accuracy of the units. Much 
development work has been done on the recording side of the secondary circuit 
and work is in progress to investigate the use of a watt meter type of dynamo- 
meter instrument for balance indication in order to avoid the need for rectification. 
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Assuming that sufficient has been done to establish the geneial utility of the 
new torque dynamometer for research work and to assist in engine development 
in flight, it becomes necessary to look ahead and to examine how best the 
apparatus can be employed on new engines and with variable pitch airscrews. 
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Fig. 62 shows an alternative design of torque meter which has a tubular sprin 
element of quill shaft form. The airscrew hub floats on needle or plain bearings 
and the electrical system -spans the spring element. Two schemes are showy 
above and below the centre line. Above is shown a two-piece tubular spring, 
while below is a special one-piece element designed to have no joints or POints 
where possible creep or backlash might develop. 

Fig. 63 is an arrangement whereby the dynamometer having a radial arm 
spring might be incorporated with a V.P. airscrew on a special airscrew shaft. 
The scheme is shown for an in-line engine having a spur reduction gear. |; 
will be noted that the design requires a special spur gear fitted separately to the 
airscrew shaft. 
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In Fig. 64 is shown a similar installation on a shaft adaptor as would be 
necessary on an engine having a concentric reduction gear of the kind shown. 
The drawing is more or less self-explanatory, and it will be noted that the over- 
hang of the airscrew on the shaft is increased by about 5 or 6 inches. 

An interesting scheme is shown finally in Fig. 65, in which the dynamometer 
unit does not rotate with the shaft, but is mounted on the nose of the gearcase 
and serves to take the torque reaction from the normally stationary gear wheel 
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back to the gearcase. An advantage of this design is that no slip rings or 
brushes are required and the airscrew shaft is left free to carry any desired type 
of airscrew. 

In conclusion, the author desires to thank the Air Ministry for permission to 
read the paper, and to show slides of Crown copyright illustrations. He would 
also state that any opinions expressed in the paper have no official significance. 

The author also acknowledges his indebtedness to Mr. Pye, Mr. Capon, Mr. 
Swan and Major Carter for their encouragement and advice, and to several mem- 
bers of the Royal Aircraft Establishment staff for their valuable assistance during 
the course of the development of the new transmission dynamometer. In 
particular the author would mention the work of Mr. D. P. Alexander, of the 
Electrical Department, who designed the special alternator and who has given 
every assistance in both a practical and consulting capacity on the electrical 
problems that arose. 

Further, acknowledgment is due to Messrs. Siemen Bros., the Keeper of the 
Science Museum Library, the Institution of Mechanical Engineers, the Royal 
Society, the Editors of the ‘‘ Engineering Magazine,’’ and many others for their 
kind permission to consult various published works of reference and to reproduce 
many of the illustrations used in the compilation of this paper. 
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DISCUSSION. 


The CuairMAN: He thought members would agree with him that they had heard 
an exceptionally interesting account of a piece of successful development and a 
piece of development which was likely to be of increasing value. For research 
purposes, the lecturer had pointed out that not only were means provided for 
directly measuring engine power in flight, but also for showing up the charac- 
teristics of airscrews and for the measurement of fuel consumption. Direct 
measurement of the specific fuel consumption of engines in flight, at different 
altitudes, would be of great interest, because the effect of altitude on specific fuel 
consumption was a question on which there had been much argument for a good 
many years, 
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There was another possible use of this form of dynamometer which the author 
did not mention, but which was possibly of very considerable importance. \\Vhere 
there were large numbers of aero engines being turned out, the problem of the 
routine passing-out test became extremely serious when each engine had to be 
mounted on a normal type of test bed, and then the test carried out against the 
brake. If dynamometers of this kind could be produced economically their use 
for the checking of engine power as a routine matter while driving an airscrey 
might very considerably lighten the works problem of the acceptance tests for 
engines. 

In listening to the lecture he had been struck by the amount of skilled design 
work, apart from the electrical engineering, which had gone to make this develop. 
ment a success. The lecturer had mentioned that it was in 1930 that the develop. 
ment of this dynamometer was put to the staff at the Royal Aircraft Establishment 
as a problem set—they were told to regard this as a thing to be achieved if 
possible. He recalled that after they had been engaged on it for about three 
years a very distinguished engineer, not connected with the Air Ministry, who 
had visited Farnborough with him, and was very interested in this development, 
had said: ‘* Well, that is an extremely interesting effort, and I think your staff 
are making a good job of it, but I do not think they will succeed.’’ He would 
not fail to let that distinguished gentleman know, when he next saw him, of the 
successful completion of the work. 

Mr. W. O. ManninG (Fellow): It seemed to him that in the specific consump- 
tion curves which the lecturer had shown, the curves as drawn were rather a 
long way from the points. He did not know whether there was any explanation 
or whether perhaps he had mistaken the matter. 

Mr. W. L. Taytor (Associate Fellow): He felt that the audience would the 
more appreciate the many advantages deriving from the use of a hub dynamometer 
for the measurement of engine performance at altitude if some reference had been 
made to the operation and extent of the auxiliary plant employed with the alterna- 
tive method whereby altitude atmospheric conditions are reproduced at the 
induction and exhaust systems of an aero engine coupled to a hydraulic or 
electrical dynamometer at ground level. 

The engine altitude test plant at Farnborough comprises a vertical type cold 
air refrigerating machine absorbing up to 120 horse-power and delivers approxi- 
mately 55lbs. of air per minute at a temperature of minus 55 to 60°C. to the 
engine intake. 

An exhauster pump also operates in parallel with the engine on the intake air 
line for regulation purposes. 

The engine exhaust pressure is controlled by three water-sealed exhaust pumps 
absorbing a total electrical input of 270 horse-power. 

These main machines, together with other auxiliary units, absorb up to 700 
horse-power, whilst the output of the test engine approximates 500 horse-power. 

A staff of six usually handles and observes altitude tests, the brake, intake, 
exhaust and fuel controls each requiring an operator and continuous adjustment 
as the rectification of a slight variation of conditions at any one control affects 
all other controls necessary to reproduce the particular data obtained during a 
test flight or data to I.C.A.N. standards. 

Notwithstanding the maximum of time and patience given to steadying the 
various auxiliary units during the observation of data under artificial altitude 
conditions, cases have occurred where the engine performance so obtained has 
been appreciably at variance with that deduced from the aircraft performance and, 
recognising the many sources of error possible under artificially produced altitude 
conditions, the results could not be defended absolutely. 

Mr. Taylor hoped the hub dynamometer would give consistent service free 
from detail irregularities as its greatest asset was the ease with which it could 
be transported either on the ground or in the air to the environment of the natural 
test conditions required, where it would not labour under the disadvantage of 
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artificial conditions with consequential suspicious results, instead of endeavouring 
to reproduce and, if necessary, repeat altitude conditions on the ground. 

The latter method is still, however, the only one available for research work, 
the results of which will thus be rendered the more valuable by the check between 
air and ground tests now made possible by the hub dynamometer. 

Mr. J. Carter: He wished to make a few comments on the ingenious efforts 
resulting in the mechanism which had been explained to them. From an engi- 
neering point of view he thought it was far too expensive to become a general 
proposition applicable to aircraft, say, of the Royal Air Force. He noticed that 
there was no mention of what aeroplane pitching was likely to do and he thought 
the apparatus was no use under those conditions. Another matter was that the 
spring element would take a set and would not maintain its correct calibration. 

Mr. W. G. A. PERRING (Associate Fellow): He wished to remark onthe 
ingenious way in which the methods of the past had been applied and adapted to 
this particular purpose. The only experience he had with the dynamometer 
described that evening was with the universal one now being used in the 24ft. 
wind tunnel. Strangely enough, the dynamometer which was primarily developed 
to measure engine power was not being used specifically for that purpose, but 
was being used to measure the powers absorbed by airscrews, disregarding 
altogether the engine output side. 

The dynamometer had now been in use for eight or nine months. It was not 
quite free from small ‘* teething ’’ troubles, but he thought these were being 
successfully overcome. It was working very well, and with due care those con- 
cerned thought that they would be able to get very reliable information from it. 
They had run through now at least a dozen or more airscrews, and the thrusts 
and torques had been measured for airscrews absorbing up to about 640 or 
650 h.p., with engine revolutions up to about 2,500, corresponding to airscrew 
revolutions of about 1,800. The main trouble that had occurred was a slip ring 
one, to which Mr. Muir had referred. The voltage drop at the slip rings was 
found to vary slightly with the current flowing. At present the most successful 
way of overcoming the trouble was to pass a fairly large constant direct current 
through the brushes, but he understood Mr. Muir was considering an alternative 
method which would reduce the current flowing to zero. This method should 
prove satisfactory. 

Captain Prircnarp (Secretary): He knew little about aeroplane engines and 
the measurement of their power, but he drew attention to the Mayo double 
machine which was at present being designed and built. Each had a number 
of engines, but for simplicity let it be supposed there were one on each. One 
engine was run and the speed measured, and then both engines were run and the 
speed measured again, and in that way a measure of speed was simply deter- 
mined. He could not see why the same principle should not be applied to the 
measurement of speed of two aeroplanes in the air, the first aeroplane towing 
the second one. By the application of that principle it would be possible, knowing 
the total drag, to calculate the h.p. of the engines. Had the h.p. ever been 
calculated in any way on the basis of the resistance of the aeroplane as a whole? 

Mr. F. W. HepGrecock: He was not interested in power in flight, but was 
more concerned with the ground testing and the possibility of errors due to 
changes in temperature, the ease of securing readings and the ease of checking 
calibration. He wished that Mr. Muir would make a comment on this point. 
Again, there were questions of durability and general maintenance; these factors 
would probably show improvement as development proceeded. But the questions 
of the possibility of errors due to changes of temperature, and the question of 
securing proper readings and of easy checking of calibration were of importance 
from the ground testing point of view. 

The CHarrMaNn: In the example shown by Mr. Muir in which the spring element 
was dual, half being damped and half undamped, he was not clear whether the 
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two spring elements were integral at the inner end. Were they machined oy 
of the same block or independent pieces at the hub? 

Mr. S. G. SHanp: He thought the lecturer gave the weight of the hub as 
2oolbs. He had not told them the weight of the whole of the apparatus and the 
possibility of mounting it in a two-seater aeroplane. 

Mr. J. B. BucnEr: He did not pretend to understand all that the lecturer had 
put forward, but it seemed to him that in electrical equipment where one had the 
slip ring the moisture was likely to have some effect on the measurements, also 
the expansion due to heat. Could Mr. Muir give them some little information 
on that point? 


REPLY TO THE DISCUSSION. 


Mr. Murr, in replying to the discussion, said that Mr. Pye in his opening 
remarks had mentioned the possibility of using the dynamometer for routine 
checks of engine power during acceptance tests. He would say that this possi- 
bility had been envisaged and had received some attention. There was no 
reason why the torque meter should not be mounted in the form of a coupling 
in a length of shaft connected to a variable pitch test fan; the engine could then 
be arranged to be cooled by its own power, and the torque measured at the same 
time. He did not see why a satisfactory commercial article should not be turned 
out. 

Replying to Mr. Manning, he said that these were only typical curves taken 
from a number, and it would be noticed that the plotted points were only 
scattered in the region of high specific consumption or minimum mixture control. 
The points were perhaps not very good in that region, but he would attribute 
this to errors in flowmeter observations rather than in torque readings. 

Mr. Taylor had given an interesting survey of the altitude test plant with some 
indication of the number of men required in order to get a reading. In the air 
it took only two men. Mr. Taylor had also mentioned the discrepancy between 
bench and flight tests, and it was worthy of mention that the same dynamometer 
which he (the speaker) had described was being used now in a Kestrel engine 
on this particular problem. The flight work was now being carried out with 
the dynamometer and the whole engine dynamometer combination would 
eventually go on a test bed for check tests against the Froude brake after the 
flight tests had been completed. The result of that particular piece of investiga- 
tion would, he thought, be very interesting. 

Mr. J. Carter had given his view that this installation was too expensive, and 
he had criticised it on other grounds. Possibly Mr. Carter was under the mis- 
apprehension that a dynamometer was required on every engine. Really all that 
was wanted for flight use was one or, at most, two dynamometers at each 
establishment with suitable adaptors, or two different sizes of instrument to cover 
the range of engines, so that a number of engines could be dealt with at relatively 
small expense. 

Another feature was that having once calibrated a few airscrews with the 
dynamometer, provided one could establish that they did not twist very badly, 
they could be used as dynamometers themselves; but this could only depend on 
airscrews which were really beyond question regarding consistent performance. 

Mr. Carter also spoke of aeroplane pitching effects and suggested that the 
apparatus would be of no use in such circumstances, but in fact that was not so. 
The dynamometer was a very sensitive instrument and recorded change of torque 
due to pitch or yaw remarkably well, even before the engine speed was seen to 
change. The effects of side wind when running up on the ground were most 
noticeable in the dynamometer readings, and could be measured. 

Here the speaker exhibited some oscillograms, relating to another piece of 
work, partly carried out, and not yet completed. They had been investigating 
torsional vibration effects with the dynamometer as a research apparatus. This 
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investigation, which he started as a side issue, was intended to study the effect 
on the torque characteristics of cutting out cylinders, and the oscillograms showed 
the result of cutting out in turn every cylinder in the Jupiter VII engine. These 
oscillograms were very interesting and showed clearly the modulation effect of 
the torque in the hub. It followed, therefore, that the instrument could be used 
for research work not directly connected with power measurement. From the 
results of such tests allowance could be made for flexibility, and the torque 
variation effects deduced for engines without the dynamometer fitted. Mr. Carter 
had also suggested that the springs would take a set and the whole device become 
useless so far as the calibration of the springs was concerned. This small 
dynamometer had been running since 1931 and the spring calibration curve had 
not changed. 

(Here the speaker read passages from his paper which he had omitted in 
presenting it bearing on this particular point.) He said that in general Mr. 
Carter could rest assured that the apparatus had really a wide range of use. 

He thanked Mr. Perring for the kind remarks he had made, and hoped that 
the wind tunnel dynamometer would continue to give good service. His own view 
was that the brush gear could also be re-designed. He noticed when he looked 
at the slip rings the other day that there seemed to be some sign of chattering, 
so that he rather thought the spring loads on the brushes should be looked into 
again. 

Captain Pritchard had mentioned the Mayo aeroplane in reference to the estima- 
tion of horse-power from the known drag of the machine. The difficulty is to 
estimate the total drag under all conditions of flight and it involves special flight 
experimental work. Such calculations of engine powers have been made, but in 
general there has been little agreement with the powers estimated from the test 
bed data. A thrust meter in an aeroplane had a doubtful utility unless one knew 
what one was doing. If a thrust meter were put between the engine and the 
airscrew without taking account of airscrew body interference the result would be 
merely a measure of the stress in the airscrew shaft. He had been told some 
years ago that aerodynamic experts were not interested in direct measurement 
of thrust. On hearing that, he immediately thought that if one went to sufficient 
trouble over such a matter one could obtain the necessary data in flight. Here 
the speaker drew a diagram on the blackboard indicating the position of the 
thrust meter on the aeroplane and showed how, in order to get a change of drag 
at constant speed, he had entertained the idea of towing a glider and putting 
another thrust meter on the tow rope. It was like tying an aeroplane to a wall 
and using a spring balance to get the data for static thrust analysis, only in this 
case the aeroplane would tow the ‘* wall ’’ with it. 

Mr. Hedgecock had mentioned testing on the ground. There was no doubt 
that the apparatus was quite reliable for this purpose. Variation of temperature 
had no measurable effect because the electrical system was so designed as to 
exclude effects in that respect. Any micrometric radial disturbances were allowed 
to even out and expansion effects were uniform. In an aeroplane he had made 
measurements of the difference of temperature between the receiver in the cockpit 
and the hub on the engine. He took the temperature of the spring element and 
the apparatus behind the airscrew and compared the results with the conditions 
in which the receiver worked. There was practically no difference. The receiver 
was at a temperature somewhat above atmospheric temperature, due to its 
sheltered position, and the temperature of the spring element was about 10°C. 
higher than that of the atmosphere. 

As to the ease of checking the calibration, one merely used the tackle he had 
shown and mounted the hub on it. The calibration was obtained in a very short 
time, and the tackle was absolutely reliable. It had in fact been adopted for 
the measurement of shaft and gear stiffness in connection with torsional vibration 
experiments at the R.A.E. As regards ease of reading, no special skill was 
required. The idea that there may be some difficulty in this connection might 
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have arisen in the first instance because he did all the early flight testing himself, 
and it might have appeared that the apparatus required special attention. This 
was not so and many other people have since handled it on the ground and ip 
flight. It was quite foolproof, and the wind tunnel staff would bear him out in 
that statement. As for durability, the small hub had been running since 1931, 

Mr. Pye had asked about the damped and undamped portions of the spring 
and it should be explained that they would be separate pieces. The radial arm 
spring element would be cut separately and then interleaved with the dynamometer 
portion which would have its arms solid with the outer rim, and solid with the 
inner rim on one side only. A detachable ring would be bolted to the open side 
after assembly of the two spring elements to complete the solid construction of 
the inner rim. 

Regarding Mr. Shand’s request for the weight of the whole installation, Mr, 
Muir stated that in this connection the large dynamometer as used in the 24-foot 
wind tunnel at Farnborough was representative in design of the apparatus likely 
to be used for the large engines of the future, although this particular installation 
had been designed with no particular regard to the saving of weight and weighed 
some 435lb. The hub weighed 2oolb., the receiver 5olb., and the alternator unit 
with driving motor and base plate 180lb., and rectifiers and instruments (volt- 
meter, ammeter, and balance indicating microammeter) about 5lb. This weight 
was, of course, excessive for an aircraft installation, but it should be easily 
reducible to say 150lb. for the hub, solb. for the receiver, and solb. for the 
alternator and drive, and 5lb. for instruments, making about 255lb. for the whole 
apparatus. This seemed a reasonable figure for such an installation, although 
it should be noted that the additional overhang on the airscrew shaft is the most 
important criterion of weight of this apparatus and not the weight of the units 
carried in the cockpit. He did not think there was any difficulty about mounting 
it in a two-seater aeroplane, because now these machines were getting rather 
bigger, and the aeroplanes which they knew to be coming along would be quite 
easily fitted with the dynamometer apparatus. 

Replying to Mr. Bucher regarding effects due to moisture and _ heat, he 
said average moisture could not affect it unless the instrument had been left out 
in bad weather for a long period. He could not imagine any moisture getting 
into the electrical system. Expansion due to heat was again looked after by the 
special design of the electrical system itself. One could go to it any day and 
repeat the zero reading within a fraction of 1 per cent. 

On the motion of the CHArRMAN a hearty vote of thanks was accorded to Mr. 
Muir for his lecture. 
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THE TWO-DIMENSIONAL PROBLEM OF WING VIBRATION.! 
By R. Kassner and H. FINGADO. 
Translated by W. J. Stern, A.R.C.S. 
Communicated by D.S.R., Air Ministry. 
14th January, 1937. 
The basis for the calculation of wing vibration has been laid by the work of 
Kiissner (1). The present paper describes a comparatively simple and yet accurate 
method of solving the two-dimensional problem in a manner suitable for the 
aircraft designer. In addition some of the results obtained by the new method 


are discussed. 
SYNOPSIS. 


1. Introduction. 

2. Symbols. 

3. Vibrations in still air. 

4. Vibrations in flight. 

5. Aerodynamic forces. 

6. Method of calculating critical velocity. 
7, Example of using charts (worked out example). 
8. Mathematical principles. 

g. Determination of form of vibration. 

10. Guide for the design of wings. 

11. Summary. 


INTRODUCTION. 

On account of the increase in flying speeds, the problem of wing vibration is 
becoming more important. Above a certain critical speed which varies for 
different aeroplane types, unstable wing vibrations are set up, 7.e., any small 
disturbance will produce an increase in amplitude which ultimately may lead to 
fracture of the wing. The critical speed must therefore not be exceeded. 

From this, two problems result for theoretical consideration :— 

1. A simple method of predicting the critical velocity for a given wing. 
2. Lines of development for the design of wings which are satisfactory from 
a point of view of vibration. 

The present paper deals with both problems for the case of a two-dimensional 
wing without ailerons and with no internal damping. 

In this case we may consider a rigid, unwarped wing of constant chord sus- 
pended in such a manner by means of springs that it can execute either up and 
down vibrations without twist or undergo torsional vibrations about any axis 
parallel to the span of the wing. The system thus possesses two degrees of 
freedom (bending and torsion) and therefore two types of vibration are possible. 
We shall assume that the wing has a very large span or—what comes to the 
same thing—that end plates are fitted, so that the flow may be considered 
two-dimensional. 


1L.F.F., Vol. 18, No. 11, 20th Nov., 1936, pp. 374-387. Translated by the Aeronautical 
Research Committee (Oscillation Sub-Committee) and published by their permission and 
that of the author. 
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2. SYMBOLS. 


t=wing chord (m.). al 
bendi 
y=bending deflection. 
y=angle of twist. i 
. . . . . 1 
a=angle of incidence (zero lift line contrary to direction of motion of P,). 
c=bending spring constant (kg. m.~?). 
M/¢=torsional spring constant (kg. m.). al 
m,=mass of wing (kg. m.~! sec.’). ft 


m,=mass of circumscribed air cylinder (kg. m.~! sec.?). 

#,= moment of inertia of wing (kg. m. sec.”). 

ratio. 

P,=front neutral point (25 per cent. of chord). 

P,=rear neutral point (75 per cent. of chord). 

P,,=centre of chord. 

P=lift vector? (see Fig. 9). 

= (6,/m,)=inertia radius (m.). 

nt=V/ {(M/o)/c } =elastic radius (m.). 

et =distance of elastic axis behind P, (m.).* 

o,t=distance of gravity axis behind elastic axis (m.).* 

v=frequency in flight (circular frequency at the critical speed (sec.~'). 

V1, V2=first and second frequencies in still air (sec.~!). 

v=critical velocity (m. sec.~'). 

{ (M/o)/m, } =reference velocity (m. sec.~'). ¢ 

V=v/vt=velocity number (=L/2 at where L=wave length of vibration), : 

w, z, 1/u'=co-ordinates in the charts. | 


é,, €,=unit vectors in w and z direction. 

A,t, A,t=position of torsional axes in front of elastic axis (m.), in case of \ 
still air. 

i= —1=unit vector leading by a quarter period. 1 

= first and second differentials with respect to time. 

J) 


3. VIBRATIONS IN STILL Arr. 


The following design factors are of importance :—Mass, moment of inertia, 
bending and torsional elasticities, and distance between gravity and elastic axis. 


Equivalent system : 2 separate spring supported 
masses joined by a beam of zero mass. 
Fic. |, 


2 A bar above a letter indicates a vector. 

8’ In the two-dimensional problem the gravity axis is parallel to the wing span and _ passes 
through the centre of gravity. The elastic axis is the corresponding line passing through 
the point of application of the elastic restoring force if the wing undergoes a parallel 
displacement. 
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Now as far as vibration characteristics are concerned it is possible to replace 
any wing by a system of two independently sprung masses joined by a beam of 
zero mass (wing) (Fig. 1). The motion of this model is easier to follow than 
that of the original wing. The frequencies of the two masses are generally 
different. 

If the beam is given a deflection, both masses will vibrate. The motion of 
any point of the wing is thus compounded of two sine vibrations of different 
frequencies (see Fig. 2). 


Vibration Form of any point P on 
the wina, 
3 Fig. 2. 


If there is some damping in the circuit, a vibration of constant amplitude can 
only be maintained if a periodic external force is applied. In order to obtain a 
sufficient deflection with small external forces, it is convenient for this force to 
have the same frequency as one of the masses. 


The deflection of the other mass 
is then generally very small. 


In stationary air, the resonant vibration of the 
wing is thus to all intents and purposes a torsional vibration about one of the 
two masses of the equivalent system. It follows, in the two-dimensional case, 
the wing possesses two resonant vibration forms (stationary air). The frequency 
is equal to that of one of the masses of the equivalent system; the other mass 
forms a node. 


Fic. 3. 
Explanation of elastic radius nt. 


a 
9 


The equivalent mass system is found as the result of three conditional 
equations. 
(1) Sm=mass of wing. 
(2) X static moments of equivalent masses about C.G. =o. 


(3) % moments of inertia of equivalent masses about C.G.=total moment 
of inertia. 
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If A, and A, designate position of masses (see Fig. 1) only one of the foy 
quantities m,, m,, A, and A, is left indeterminate. The other three are fixed 
by the above equations especially 

—(A, +c) (A, +o) ? =6/m 
has to be satisfied. 

If, for example, we wish to place the two masses at the same distance +t ip 
front of and behind the gravity axis, then |*t?=6/m (see Fig 3). This is the 
well known equation for radius of gyration /t. Thus the law for the sub-division 
of the two masses becomes 

—(A,+¢) 

Corresponding laws hold for the replacement of the bending and torsional 
elasticity of the wing by two separate springs. Here again, one factor remains 
arbitrary, e.g., the position of one of the springs. Everything is then determined 
and we obtain 

Apt? = (M/9)/c. 

If we wish to place the two springs at the same distance + yt respectively in 

front of and behind the elastic axis, we get 
n°t? =(M/o)/c (see Fig. 3). 

nt is called the elastic radius, corresponding to It, the inertia radius or radius 

of gyration. The springs are then adjusted according to the equation 
A,A, = 1’. 
In our equivalent system (Fig. 1), the two conditions 
—(A, +0) 

and 

—A,A,=7° 
must be satisfied simultaneously. This completely determines the system. The 
position of the masses and thus of the two rotational axes can be determined by 
a simple graphical method, due to von Schlippe (Fig. 4). This construction shows 


Fig. 4. 
Graphical representation of vibration 


characteristics in still air. 


that the rotational axis can never be situated between the elastic and the gravity 
axis. This is obvious, for otherwise the inertia and elastic forces would both 
act in the same direction and equilibrium would be impossible. It is also easy 
to see that the frequency will be less or greater than /(c/m), depending on 
whether the rotational axis lies on the side of the elastic axis or gravity axis. 
In the Schlippe diagram, the frequencies are given by the ratio 

v?=(c/m) (ED, /SD,) or (c/m) (ED, /SD.,). 
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The rotary axis D, of the first resonant vibration (still air) is thus always 
situated beyond the elastic axis and the corresponding frequency v, is << ¥(c/m). 
The second rotary axis lies beyond the gravity axis and the corresponding 
frequency v, is > /(¢/m) (see Fig. 5). Each of these two resonant vibrations 


Forms of Vibration in Still air. 


a) 1 Form of Vibration. Fig. 8. 


b) 2% Form of Vibration. 


§ 


a b 


utilises only one degree of freedom of the wing (torsional oscillations about a 
stationary axis). 

So far the possible effect of aerodynamic forces’ has been neglected. This 
consists principally of inertia effects due to the mass of air participating in the 
vibration and can be allowed for by increasing the mass and moment of inertia 
of the wing. In addition, the air forces exert a damping effect due to the break- 
away of the flow at the trailing edge of the wing.t | This damping effect would 
disappear at even a quite small translatory motion of the wing. The resonant 
vibrations considered so far represent a limiting case of those occurring in flight 
and this form of damping, which does not occur in flight, will be neglected. 


4. VIBRATIONS IN FLIGHT. 

Consider the wing whilst undergoing resonant vibration of the type considered, 
subjected to an air current. We shall show that an increase in vibration will be 
impossible unless the type of vibration is fundamentally altered by the air current. 
We shall first assume that the air velocity is small in comparison to the product 
frequency x chord. (In other words, the velocity number V=v/vt is small.) 

In the limiting case V 4 0, in addition to the inertia effects already mentioned, 
two new aerodynamic forces have to be considered (see section 5 and Fig. 9) :— 

(1) At the front neutral point P, (25 per cent. of the chord) a lift 

= (zpv?Fa) (4)=2m, (v?/t) (¢—Yn/v),° 
(z/4) ptf =mass of circumscribed air cylinder. 

(2) At the rear neutral point P,, (75 per cent. of the chord) a lift=m,v9. 

In equation (1), the part of the force depending on @ is due to the torsional 
elasticity and can neither increase nor decrease the vibration in course of time. 
The second part of the force in (1) is given by 


where m 


—2m, (v/t) 2m, vivory, 


4 During resonant vibration of the wing in still air, very large angles of incidence occur. 
The approximate calculation of aerodynamic forces made later in this report would not 
apply to this case. 

> This equation is strictly accurate only if V=0. The error is, however, negligible in the 
case 10. 
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where A,¢t is the distance of the torsional axis in front of the rear neutral 
point P,. 
The moment of this force about the rotational axis is 
—2 m,vivotr, (Ay — 4). 


The moment of the force defined by equation (2) is given by —m,vivdth,, 
The total resulting moment is thus = —2 m,viv@tA,?. This moment is propor 


tional to the angular velocity and always exerts a damping effect, unless ), =o 
(i.e., coincidence of torsional axis and rear neutral point P,). 

If V is finite instead of 4c, the calculation is less simple. As_ will be 
shown subsequently, the results in this case can be represented graphically and 
the following general deduction drawn :— 

‘‘ If a wing is undergoing resonant vibration with only one degree of freedom 
(i.e., of the type considered above in still air) at a frequency determined by 
aerodynamic forces, the latter are incapable of increasing the vibration.’’ 


Fic. 6. 
Positions of wing during a 


Vibration. 


The effect of the air forces on the type of resultant vibration is principally to 
cause a change in the phase angle between the bending and torsional vibration. 
We shall now assume a periodic external force of such magnitude to be applied 
to the wing that in spite of the damping exerted by the air, vibrations of constant 
amplitude are maintained. The frequency of this force is so chosen that the 
necessary force becomes a minimum. 

The type of vibration resulting and the amount of energy to be supplied depend 
on the point of application of the force and on the velocity of the air. Just as 
was the case for the vibrations in still air considered previously, for every air 
velocity two types of resonance exist, which differ in frequency and form of 
vibration. 

The magnitude of the external force required to maintain the vibration will 
at first increase as the air speed increases. It then diminishes and finally becomes 
negative, i.¢., it changes from an exciting force to a damping force. The critical 
air velocity is that corresponding to zero external force. At this speed, the two 
vibration forms and frequencies become identical. The uppermost and_ lowest 
wing position correspond roughly to those of the first resonant vibration in stil! 
air. When going through the zero position, the wing shape resembles that of 
the second resonant vibration in still air (see Fig. 6). 

Above the critical velocity, the external force withdraws energy from the wing 
which the latter had previously absorbed from the air. If the external force is 


ac 


ac 


4 
D, 
2 


Neutral 


i 


Propor- 
> A h=0 


will be 


lly and 


reedom 


ned by 


lly to 
ation. 
yplied 
stant 
t the 


pend 
St as 
y air 
n of 


will 
ymes 
tical 
two 
west 
still 
t of 


ying 


e iS 


THE TWO-DIMENSIONAL PROBLEM OF WING VIBRATION. 


removed, this absorption of energy would cause a vibration increase. Any small 
vibration of the wing above the critical speed is thus unstable. 


;, AERODYNAMIC FORCES. 

We shall calculate the air forces acting on a vibrating wing using the formule 
which have already been established for the general type of motion. The reader 
can omit this part of the paper which is not essential to the proper understanding 
of subsequent sections. 

According to Wagner (Z.A.M.M., Vol. s, 1925, Part I, Dynamic Lift of Wing's 

—Résumé of Results, p. 35) the following aerodynamic forces act on a strip of 

. IO! . 5 . . 
unit width of a symmetrical’ wing moving in any arbitrary manner :— 
(1) A force equal to 


apv7at — (p/2) vt | [u { (s—€)+(s—&? } ] dé 


acting at the front neutral point P, (see Figs. 7 and 8). 
(2) A force equal to 
(7 '4) pt?va 
acting at the centre of the section P,,. 


(3) A force equal to 


— (7/16) pt*¢ 
acting midway between P,, and P,. 
(4) A moment equal to 
— (z/16) put ¢. 
These results hold under the following conditions :—’ 
(a) The air is without friction and is incompressible. 
(b) The flow is two-dimensional (i.e., either © span or end plates are 
provided. 
(c) The wing has a thin, symmetrical profile (rounded nose and sharp trailing 
edge). 
(d) All angles and angular velocities are small. 
The force (2) consists of two parts, one of which depends on the rotation and 
the other on the beating action of the point P, (see Fig. 7) 
(7/4) pt?va= (2/4) pt?vd—(x/4) pt? (n/v). 


Subdivision of angle  Fic.7. 
of incidence. 


Yr 


‘If the wing is slightly curved, a couple is added which is independent of the angle of 
incidence. This does not affect the vibrations and is therefore neglected. 

"It should be noted that calculations based on the above assumptions have given satisfactory 
agreement with experiments on two-dimensional wing vibrations. Since these experi- 
ments were carried out at small Reynolds number with a fairly thick wing, the influence 


of viscosity and profile thickness does not appear to be very marked. 
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Now 
Yn (t 
therefore force (2) is equal to 
(7/4) — (7/4) pt?ij, + (7/16) pt*¢. 

The first term of (2) together with the moment (4) produces a force (7/4) pt*eg 
acting at P,. The third term together with the force (3) produces a oupk 
equal to 

— (t/8) (7/16) — (1/128) 


The first term of the force (1) corresponds to the lift when the wing is stationary, 
The second term AA shows the effect of the surface of discontinuity behind the 
wing, i.e., the effect of the starting vortices corresponding to every change jr 
the circulation 


AA= —(p/2) vt|[u { (8-6) +(s— 8? } ] dé. 
In the above, wu represents the velocity jump at the surface of discontinuit 


(vortex sheet), see Fig. 8 


The surface of discontinuity behind 
the wing. 


Fic. 8. 


We shall now calculate AA for the special case of a simple harmonic variatior 
with time of the angle of incidence. The discontinuity u in the velocity is then 
also simple harmonic, provided s is very large. This will certainly hold in still 
air. We write :— 

u (€)=u, cos (E/V) when V=v/vt, the velocity number. 


Putting s,=o and €=(s—2z), when a=distance from trailing edge, we obtain 


AA = --(p/2) vt | fu, cos { (s—2)/V } (x4 | dx 


— (p/2) vtu,| {1//(x+27)} { cos (s/V) cos (2/V)+sin (s/V) sin (2/V) } dz. 


Now let the upper limit s of the integral proceed to ~%. This means that the 


wing has moved a considerable distance since the start of the vibration. Then 
AA = —(p/2) vtu, cos (8/V)+, sin (s/V)], 
where 


{ cos (2/V)} |} dx and @ || (sin (w/V)} /a/ (x +27) | dz. 
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u, cos (8/V)=value of the discontinuity at the trailing edge (r=o). We shall 


consider U, cos (s/V) as a projection of the rotating complex vector 
ti=U, [cos (s/V)+isin (8 V)| 

on the real axis (s/V=o). 

In a similar manner, AA is the projection of the complex vector 

AA= —(p/2) vtu, [@. { cos (s/V)+isin (s/V) } +s { sin (s/V)—icos (s/V) } 

The ratio 

AA / i= —(p/2) vt { cos (s/V)+i sin (s/V) } 
+, { sin (8/V)—icos (s/V) } ]/ { cos (s/V)+isin (s/V) } 

-—(p/2) vt ts) 


then gives both the magnitude and the phase displacement of AA relative to the 


discontinuity at the trailing edge. 


The relation between the discontinuity uv the angle of incidence a is given by 


the following equation (Wagner, Z.A.M.M., Vol. 5, 1925, p. 35) 


s 
va= (1/7) | L{ }/{ Ju (O 


This equation follows from the condition that the flow at the trailing edge must 


always be smooth. 


Putting u=u, cos (€/V) and s,=0, 


{ 1+1/(s—€) } ] cos (€/V) 


and substituting €=s—a2, we obtain 


s 
TVa = | { /(1+1/x) } cos { (s—a)/V } dx 


[cos {(s—a)/V } dx+ | { ¥(1+1/x)—1 } cos { (s—a)/V } dx 


= V sin (s/V) + | { ¥(1+1/2)—1 } cos { (s—a)/V } dz. 
Proceeding with the upper limit to ~ 


mva/u =f. cos (s/V)+(V +f,) sin (s/V), 
where 


| { /(1+1/x)—1 } cos dx 


and 


? 


| { /(1+1/x)—1 } sin (2/V) dz. 
Thus we obtain yain 
[f.—i(V+f,)] 
or 
Inserting this into the equation for AA, 


AA: a (p/2) (o.—ip,)/ { f.-i(V } 
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The force (1) thus becomes 
In the above, zpv*ta is the lift with the wing stationary and 


{ fo-i (V+fs) } 
is the ratio of the lift to the stationary lift, both in magnitude and phase. 

We solve the integrals 9, 9, f, and f, according to the method of S. von 
Borbely (see ‘‘ Mathematical Contribution to the Theory of Wing Vibrations,” 


Z.A.M.M., Vol. 16 (1936), No. 1) and finally obtain 

P=1/ {14+1(H,@)/H,@)) } 
where, using the notation of the ‘‘ Table of Functions ’’ of Jahnke and Emde, 
H)=the Hankel function J (1/2 V)—iN (1/2 V). The relationship between 
P and V is shown graphically in Fig. 9. More accurate values are given in 
the table at the conclusion of this report. 


TA 
o2 
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FIG. 9. 


The lift vector P in relation to the number V=v/vt 
in case of harmonic motion. 


In the case of a harmonic vibration, we therefore obtain the following forces 
acting on a strip of unit width :— 

(a) A lift at the front neutral point P, on account of the incidence existing at 
the rear neutral point P,. This lift is smaller than that corresponding to the 
stationary case and also displaced in phase (it occurs later than the corresponding 
angle of incidence). The relation of this lift to the stationary lift is given by the 
vector P (Fig. 9). 

(b) A lift at P, due to the angular velocity of the wing and given by 

(z/4) pt?vd = m,v¢e 
where m, is the mass of the air cylinder circumscribing the wing chord {. This 
force could be deduced by replacing the rotating wing by one of the necessary 
camber. 

(c) An inertia force equal to —m, jj, acting at P,, and due to the accelerations 
of the air taking part in the motion. 

(d) A couple equal to —(t?/32) m,¢, due to the inertia of the air accelerated 
by the rotary acceleration of the wing. . 

The force (c) and the couple (d) are independent of the velocity. They can 
therefore be allowed for by adding the mass and moment of inertia of the air 
participating in the motion to the corresponding values for the wing. ‘This has 
already been done when we considered the resonant vibration of the wing in 
stationary air. 


6. THE METHOD OF CALCULATION. 


The practical application of the method is explained in the next section by 
the working out of an example. The present section deals with general principles. 
The type of vibration is determined by four characteristic quantities :- 
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(1) Circular frequency v. 
(2) Velocity number V=v/vt=L/2 at, where L=wave length of vibration. 
(3) Ratio of bending and torsional amplitudes. 

(4) Phase shift between torsion and bending. 

At the beginning, these four characteristics are unknown. The four equations 
determining them are attained by writing down the conditions of equilibrium 
for forces and moments which must exist at any two arbitrary points of the 
vibration cycle. In the complex notation, these four equations reduce to two 
complex equations. These equations contain forces due to the air, elasticity and 
inertia. These forces depend on the following design factors as well as on the 
four characteristics mentioned above. 

(1) Wing chord ¢. 
(2) Mass of wing m,. 


(3) Radius of inertia l,t. 

(4) Bending spring constant c. 

(5) Elastic radius nt. 

(6) Displacement of elastic axis behind P,=et. 

(7) Displacement of the gravity axis behind the elastic axis=c,ft. 


The number of design factors is reduced, if all lengths are referred to the 
wing chord ¢ and all frequencies to y (c/m,), tx /(¢/my,) has the dimension of a 
velocity, all the other factors are of zero dimension. 

If the factors of zero dimension are constant, the critical velocity varies as 
ty(c/m,). Five factors thus remain, and the mass ratio m,/m,. 

The ratio of the amplitudes and the phase shift can be eliminated from the 
two complex equations. This will be shown in section 8. A complex equation 
then remains which resembles the determinant of Kiissner (see H. G. Kiissner, 
The Vibrations of Aeroplane Wings, L.F.F., Vol. 4 (1929), No. 2) and which 
in addition to the design factors contains the two unknowns V and v. Since 
the aerodynamic forces contain complicated functions of the velocity number J, 
it is not possible to solve this equation explicitly for V and v. It is also not 
possible to show the relationship graphically, since it would be necessary to 
show the dependence of the critical velocity on all five design factors. The 
following method has been developed to determine rapidly all the vibration 
characteristics if the design factors are known. First of all the forces and 
moments which are independent of the velocity number in the equilibrium condi- 
tions are regrouped in the form of three new variables, w, 2 and 1/u’, which 
depend on the frequency. 

If different values are given to the frequency, points can be plotted in the 
(w, 2, 1/u') place which for a given set of design factors will lie on a straight 
line. By inserting two different values for v, two points A and B can be 
determined on this line. 

The complex equation resulting from the equilibrium conditions corresponds 
toa surface in the (w, z, 1/u’) space, each point of which corresponds to a certain 
V value. The required solution corresponds to that point which lies both on the 
line and in the surface, i.e., to the point of perforation of the surface by the line. 
The problem of obtaining this point can be solved in the (w, z) plane. This 
plane is shown on the right-hand side of Fig. 10. The surface is represented 


by a family of contour lines 1/u/=constant. The parabola w=z(}—z) give a 
simple solution for the points A and B. 
Point A lies at a distance equal to 7? to the left of the point z=e on the parabola, 


point (B) at a distance |,” to the left of the point z=e+o, on the parabola. B 
is situated a uw to the right and + u below (B). In practice, B is obtained by 
dividing the vector P,P, by » and measuring off from (B). 

The height of A=1/u/=0; the height of B=1/u!=1/u. Any arbitrary point 


> 
C on the straight line then has the height 1/y/=(1/u) (AC/AB), when the arrows 
indicate that 1/u’ becomes negative, if the directions AC and AB oppose each 
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other. The point of perforation must lie on the straight line and also on tie 
particular curve of the surface. This curve will have an elevation 1/p’ satisfying al 


the equation 1/u/=(1/u) (AC; AB) of the straight line. By a series of approxima. 
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FIG. 10. 
Set of curves for the determination of the critical velocity. 
(A large scale diagram can be obtained by applying to the Z.W.B.) 
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tions, this point C can be determined very accurately and from its position follow 
all the characteristics of the vibration (see section 9). 


The frequency v follows from the equation defining 1/1! 


v= { } = } v(AC/BC). 
If 7° is large, t.e., if the wing is relatively weak in bending, greater accuracy 
is obtained by deducing the frequency from ¥ { (M/o)/6,}. We obtain 


v?6,/(M /o)=(v?m,/c) (lp? / 4?) = (AC/ BC) (1,?/y?) =1,?7/BB, (see Fig. 11) 
therefore 
could be determined by drawing a series of lines 


The velocity number V 
The accuracy of interpretation would, however, not 


’=const. in the diagram. 
be very great. The following method is preferred. 

By means of a second family of curves, V is represented as a function of z 
and uv! (see Fig. 10, left-hand side). In order to cover the whole range 0 > x, 
i/(1+V) is plotted instead of V. From this V is obtained by means of the 
reduction curve shown in the diagram. 


Diagram illustrating the determination of wing frequency in flight. 
J g req 


Just as was the case for our equation of aerodynamic forces, the above result 
is true under the following conditions :— 
(1) Two-dimensional problem, also regarding the flow. 
(2) Frictionless, incompressible fluid. 
(3) Thin symmetrical or slightly cambered profile, with rounded nose and 
sharp trailing edge. 
(4) Small angle of incidence and small angular velocity (this condition does 
not hold in the resonant vibrations previously considered for still air, 
footnote 3). 


(5) It is of course assumed that no other disturbances exist in the stream 


(€.g., gusts). 


7. WorkED Our EXAmMPLe. 

We shall apply this method of calculating the two-dimensional problem to the 
case of an actual wing. We shall therefore neglect the effect of the flow being 
really three-dimensional and for the sake of simplicity we shall assume that the 
design factors of the wing do not vary along the span. It must be remembered 
that the replacement of a three-dimensional by a two-dimensional wing with the 
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same design factors is only exact, if during vibration in flight the bending and 
torsional axes are of the same form. Suppose 

Chord t=2 m., 

Span b=14 m., 

Weight of wing per m. span G,=12 kg. m.~', 

Radius of inertia |,t=0.5 m. (1,7 =0.0625), 

Distance of elastic axis from the nose=o.72 m., 

therefore e=0.72/t—4=0.11; 
Distance of gravity axis from the nose=o.82 m., 
therefore ¢+0,=0.82/t —}=0.16. 


The variation of the bending and torsional stiffness along the span of the wing 
is assumed to be known. 

We first obtain, either by calculation or graphically, the bending frequency of 
a rod which possesses at each point the same bending stiffness and mass as exist 
at the corresponding point of the wing. 

This frequency corresponds to the frequency /(c/m,) of the two-dimensional 
problem. Assume that the value so found is equal to 44 sec.~!. (Note, this is 
the circular frequency. Number of vibrations per minute = (60/27) x 44 
=440 approx.) In a similar manner, we determine the torsional frequency by 
replacing the wing by a rod which possesses at each point a torsional elasticity 
and moment of inertia equal to that existing at the corresponding point of the 
wing. 

Again let us assume that the value so found gives a circular frequency of 
94 sec.~', corresponding to approximately 94c vibrations per minute. 

Now 

ratio= m,/m, = G,/G, 
G,= weight of air cylinder per m. length 


= (7/4) yt? = (7/4) 1.29 x 4=4.05 kg. m.7! 
therefore 
p= 12/4.05 = 2.96. 
The elastic radius y, is given by 
n? = (1/t?) { (M/o)/c } { (M/¢)/6, } (my/c)=0.0625 (947/447) =0. 20. 

We next utilise the series of curves given in Fig. 10 as shown in Fig. 12. 
From the point on the parabola z=e=0.11, we measure 7?=0.29 to the left 
and thus obtain point A. Similarly, we obtain point (B) by measuring off to the 
left of the parabola point z=e+o,=0.16 the distance 1,7=0.0625. From the 
point (Bb) we measure off the distance (1/“) PyPm=(1/2.96) 37.8 mm. = 12.8 mm. 
in the direction of P,P, and thus obtain the point B. 

The point of intersection of the straight line AB with the family of curves is 
next obtained by assuming a value and calculating p/=p (AB/AC). The point 
of intersection of the straight line with the curve having thin value wp! as 
parameter is taken as the next approximation and the calculation repeated. The 
method leads quickly to a very accurate value. In our case p!/=1.675. From 
the position of C we obtain the frequency 

v= { /(c/m,) } f(AC/BC)=44¥ 2.3 = 66.7 sec.~!. 

From C we proceed horizontally to the curves on the left-hand side with the 
same parameter y’ and thus obtain (C). The ordinate of the corresponding point 
on the reductions curve (situated either above or below (C)) gives the velocity 
number V=v/vt=1.05 in our case. The critical velocity v is then 

v=(v/vt) vi=1.05 x 66.7 sec.~! x 2 m. 


14000. 


500 km./hour. 
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and 8, DeEpUCTION OF METHOD. (UNDERLYING PRINCIPLES.) 


Since all forces occurring during the vibration depend linearly on the amplitude, 
we shall assume a sine motion for the type of vibration. The vibration form 
is defined by the variation of the angle of twist @ and the amplitude y, of the 
rear neutral point P,. We shall express the phase shift between y, and @ by 
writing both these terms in the complex form %, and ¢. 

The equations for the air forces have already been given in section 5. 
The following forces and moments act on the wing. 


(1) The elastic force (point of application in the elastic axis) 


(2) The inertia force of the wing (point of application in the gravity axis) 
icy of 2 = 2 
K,= —m,§,=v? =v? My [Ynt+ J. 
(3) The inertia of the air cylinder (point of application) at the mid point of 
. > chord 
sional the ¢ = = 
his: Kin = — My jm = V?M, 
x 44 (4) An air force acting at P, due to the angular velocity 
cy by kK 2 Vat 
sticite ‘n= mM, vive =v? Mm, iV Gt, 
of the where |’=velocity number and i=unit vector leading by go°. 
(5) An air force acting at P, due to the circulation 
cy o K,, (v?/t) 4 aP 
and since (see Fig. 7) 
— Wy, /v (Yn, Vt 
=v?m, [jn (—4iVP)+¢t. 4 
(6) An elastic moment 
M,= 
7) A moment due to the inertia of the wing and air masses 
M,= —[0,+ m, (t?/32)] ¢=v? [mpl,? + m, (1/32) ] 179. 
The conditions of equilibrium give 
er Equilibrium of forces 
left 
the SK=o0=K,+ K,+ Aut Ay { —C+v?mptv?m, (1-—41VP) } 
1 the + { —c (4—e)+v?m, +4 
mm. 
Equilibrium of moments about P, 
es is YM=o= —K,et— Ky (e+ Aym (t/4) — Am (t/2) + My 
{ ce—v?my (e+ Mm, } { +e? —e€/2) 
mp [lp? + (€ + op)? — (e+ op) /2] +v?m, [ (ay) + (4)? (4)] } 
The Only the air forces Ay, and kK,, depend on the velocity number J. All the 
‘rom remaining forces and moments can be expressed in terms of the three quantities 
w, 2 and 1/u’ which depend on the frequency 
w= { ¢ +6? —e/2)—v?mg + (6 + op)? — (€ + op) /2] (gy) }/(-—C + (1) 
tne { —ce-+ (e+ Oy) } /( (—c + (2) 
oint (2) 
ocity mg, 3 


In case of V=c, i.e., wing vibrations at zero air velocity, we obtain 


XK /( —C+Vv? (1 + Gt (—24+4)=0 
and | 


/(—c+v?m,) t= (— 2-1/2 + (—w)=0 


/ 


| 
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During flight, V + 0 and the equilibrium conditions of the vibration take th 
form 


SK/(-c4 v?my)=O= Jp { 1+(1/u') (1—4iVP) } 
{ —2+44+(1/p’) (4 V?P+iV) } (s 
t=o=y, { +6t { —w—(1/2p)iV } 
y,/@t is found from the force equation to be 
{ (4 V2P+iV) } / (1-4 iVP) } 
Similarly, using the moment equation, 


-Y,/6t= {w+ (1/2 } /(2+1/2 (8 
Equating, 
{ (4 V?P+iV) }/ {14+ (1/p!) (1-4iVP) } 


{w+(r/2 iV } /(2+1/2 


{ —u! (9 

This complex equation gives the relation between the velocity number V and 

the quantities w, z and 1/u/ which latter depend on the frequency. This equation 
is identical with the determinant of Kiissner. 

By splitting into real and imaginary parts and puttir >= 4—iB we obtain 


two equations for w, z, 1/u’ and V 


1g 
(w+ (9 
and 
By means of the above equations, w and z can be calculated for any arbitrary 
pair of values for (1/u’, V). 


If we choose w, z and 1/yz! as space co-ordinates, the two equations wil 
determine a surface in the (w, z, 1/u’) space. Any point in this surface will 
correspond to a given value of V. The point corresponding to the final solutior 


must lie on this surface and at the same time satisfy the conditional equations 
(1), (2) and (3) for w, z and 1/y’. 

If all the design constants are kept constant and the frequency only altered, 
the point (w, z, 1/u’) will move on a straight line in this space. 


We calculate two points on this line 


w 
Point A e (4-¢)-7? € fe) 
Point B x (e+o,) etop—typ 1/u 


The surface is represented in the (w, z) plane by means of the contour lines 
1/u’=—const. 


The points A and B in this plane are determined in the following manner. 


rom the point =e on the parabola w=z (4}—z) shown in the diagram (Fig. 12 
we proceed by the amount 7? to the left and thus determine point A. In a similar 
manner we go from the point z=e+o, to the left by an amount equal to |; 
and thus determine (B). From here we proceed to the point B by drawing 10 
the vector 4) @,=(1/u) PyPm. (In this expression é, and é, are the 
unit vectors in w and z direction respectively.) Since 1/u! varies linearly with 


w and 2, the relation 
t/u’=(1/u) (AC/AB) or =p (AB/AC) 
holds for every point C on the straight line (the arrows indicate that p's 
negative if AB and AC are opposed). The common point of the line and surface, 
i.e., the solution, is therefore that point on the line for which p (AB/AC) agrees 
with the parameter y/ of the curve. The frequency v is obtained from equation (3 


{ /(c/m,) } ¥(AC/BC). 


v= { ¥(c/m,)} 
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g, CALCULATION OF SHAPE OF VIBRATION. 

The type of vibration in which the bending and torsional vibrations are dis- 
placed in phase relatively to one another can best be visualised as follows. 

The separate points on the profile execute harmonic vibrations with the circular 
frequency v and in varying phase relationship. We shall consider these vibra- 
tions as equivalent to the projection of a series of circular motions in varying 
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phase. The vibration of a plane profile is thus the projection of the circular 
motion of a straight line inclined at an angle to the rotary axis. During its 
rotation in space, this straight line will generate a hyperboloid of revolution. 
In the projection, the envelope of the generators, which represent the various 
positions of the profile during a vibration, forms the corresponding hyperbola 
(see Fig. 13). 


FIG. 13. 


12° 


Wing positions during a vibration. Position of Node. 


y 
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R. KASSNER AND H. FINGADO. 
rhe narrowest region, t.¢., the point on the profile vibrating with the smalles, ‘ner 
amplitude, we shall call a node. It is at the same time the point for which the rit 
bending vibration lags behind the torsional vibration by a quarter period. The “* 
type of vibration can be characterised by the position of the node (i.c¢., jts ‘ 
abscissa 2,) and by the amplitude ratio | 9 |/|¢@|. The amplitude of any | 
arbitrary point is then given by : on t 
For the special case of P, we get pl 
Ya! Yu/P + — Fx. 
¥,/@ is purely imaginary, on account of the phase difference of 1/4 period 
between 9, and ¢. On the other hand, 2,—a, is real. The real _ portion 
Re (jp, /¢)=a%,—2,= —A,t thus gives the displacement of the node K to the rear 
of P,, whilst the imaginary part Jm (j,/¢)=—| 9x |/|@| represents the ampli- 
tude ratio at the node. 
When calculating the critical velocity by means of the family of curves (Fig. 10 
¥,/@ (and thus the vibration form) can be determined simultaneously. According 
to equation (8) 
Yn/Ot= { w+ (1/2 p')tV } /(24+1/2 p’). 
Therefore 
= Re (— yn / ot) = w / (2+ 1/2 p’) 
and 
| |/| |= —Im (a, /t)=V (1/2 p!)/(2+ 1/2 p’) 
when w, z and 1/y! represent the co-ordinates of the point C in the diagram. 
In order to visualise the vibration still further, the variation of the forces and 
of the free moments will be shown on a time basis for a special case (see Fig. 14). 
Exampie of variation of forces &@ moments at the critical velocity, 
(E2010; n?=060; p=5; Eto =018; 1? 0-95). 
1G. 14, 
In this diagram, the mass effects of the air and wing are added together so that 
S here represents the common centre of gravity of the wing and its surrounding 
air cylinder. It is clear from the figure, that air forces, apart from the moments, 
mainly act in the sense of the spring control and that therefore the frequency 
must be greater than /(c/m). 
(; 
10. SOME CONSIDERATION FOR THE DESIGN OF WINGS WiTH DESIRABLE VIBRATION the 
CHARACTERISTICS. Fig 
For 
Neither the equations nor the diagram show clearly the effect of design on the min 
critical velocity. For this reason, following the example of Blenk, Niissner, and for 
others, a series of examples were worked out and the results plotted. These that 
results for the present only apply to cantilever wings of normal design, without I 
ailerons and with no internal damping. We shall consider the principal factors able 
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(1) Riyidity.—If the torsional rigidity M/p and the bending stiffness ¢ are 
increased in the same proportion, considerations of similarity show that the 
critical speed increases as the square root of the magnification factor. 

(2) Mass of Wing my.—Fig. 15 shows the dependence of the ratio 

v/ { ¥[(M/9)/m,] } 
on the mass ratio un=m,/m,. If the design factors e, e+o,, l,”, 7? as well as 
chord t and air density p are given, the effect of wing mass is clearly seen in 
Fig. 15. It is seen that m, becomes very important if js is small, but has 
absolutely no effect if m is large. 
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12 =0-05 
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0-20 
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FIG. 15. 


Effect of wing mass. 


(3) Air Density (Flying Height).—In order to study the effect of air density, 
the critical velocity is referred not to { (M/@)/m,,} but to { (M/¢)/m,}. 
Fig. 16 shows the relation of the critical velocity to v, for various values of yp. 
For every wing there exists a mass ratio for which the critical velocity is a 
minimum. This unfavourable mass ratio corresponds to a negative flying height 
for most aircraft and is therefore of no practical interest. It indicates, however, 
that in the majority of cases wing flutter is most dangerous near the ground. 

In the case of very large aircraft, however (very small y), the most unfavour- 
able mass ratio corresponds to the working range or is above the ceiling of the 
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aircraft. Fig. 17 shows for the same examples the variation of the dynamic The 
pressure head with mass ratio (and therefore height) at the critical velocity fo, J of the 
various mass ratios. ; static 
In the consideration that follows, we suppose that the velocity is of greater (6) 
interest than the dynamic pressure head. We shall therefore investigate the stiffne 
effect of design constants on the minimum value of the critical velocity. the e 
(4) Position of Gravity Azis.—If the other design constants are not varied by then 
a shift of the gravity axis, it is beneficial in all cases and for all mass ratios to rigidi 
displace the gravity axis towards the nose (see Fig. 16). The effect of the shift P 
is most marked, if the elastic axis is well to the rear and the bending: stiffness 
large. 
Effect of air density on the FIG.IG 
critical velocity. 
re) 15 
(s) Position of Elastic Axvis.—In a similar manner, it is always beneficial (at 
any rate at the most unfavourable mass ratio) to displace the elastic axis to the : 
rear. The effect of this displacement 1s most marked if the centre of gravity 1s , 
well forward and large bending stiffness exists (see Fig. 18). This figure als 
contains curves of the statical critical velocity for different mass ratios. (At 
this critical velocity, the wing can assume any arbitrary angle of twist, since the 
moment of the air forces about the elastic axis is equivalent to a negative spring all 
constant which at this speed just balances the effect due to the torsion of the al 
th 
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The most favourable position of the elastic axis is given by the intersection 
of the curve of dynamic critical velocity of the given wing and the curve of the 
static critical velocity corresponding to the mass ratio existing near the ground. 


(6) The Ratio of Bending Stiffness to Torsional Rigidity.—A large bending 


stiffness is favourable, if the gravity axis is in front of or only slightly behind 
the elastic axis. If, however, the gravity axis is well behind the elastic axis, 
then large bending stiffness is unfavourable (see Fig. 19). A large torsional 
rigidity , on the other hand, is always beneficial. 


FIG .17, 


Effect of air density on the 
ericical dynamic pressure. 
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(7) The Relative Inertia Radius ly=i,/t.—Fig. 20 shows that the critical 


velocity is the smaller, the largér the radius of inertia. This, however, only 
holds as long as the radius of inertia is less than the elastic radius. This is 


always the case for cantilever wings of normal design. 


If the mass ratio is already very large near the ground, then the influence o 
all the design factors (with the exception of the torsional rigidity \/@ and the 
air mass m,) becomes very much less than is shown in diagrams Nos. 15-18 for 
the case of the most unfavourable mass ratio. 
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The optimum position of the elastic azis. 
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Effect of the ratio. Bending stiffness/ Torsional stiffness 
for various positions oF the gravity axis with reference to 
the elastic axis. 
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11. CONCLUSION. 

In the case of the two-dimensional problem of vibrating wings without aileroy: 
and without internal damping, it is possible to calculate the critical velociy 
exactly with the help of a single diagram containing a family of curves 

From several examples which have been worked out by this method, ¢op. 
clusions are drawn as to the design of wings possessing good  vibratio; 
characteristics. 

TABLE. 
THE Lirt Vector P=A-—iB IN-RELATION TO THE VELOCITY Number JV 
i.€., THE ARGUMENT 1/2 V OF THE HANKEL FUNCTIONS. 


1/2V V A B 1/2 V V A B 
XN 0.000 0.5000000 0.0C00000 | 0.54 0.92593 0.5895258 0.145354: 
10.0 0.050 0.5006178 0.0124467 | 0.52 0.96154 0.5935896 0. 1 480019 
5-0 0.100 C.5023973 0.0245986 | 0.50 1.00 0.5979301 0.1507093 
4-0 0.1250 0.5030709 0.0304961 0.48 1.04167 0.6025921  0.1534740 
30 0.10607 0.5002799 0.04C00039 0.46 1.08696 0.6075879 0. 1562909 
2.5 5087440 0.0472909 | C.44 1.13636 0.6129575 0.159154; 
2.0 0. 0.5129548 0.C570913 | 0.42 1.19048 0.6187392 0.162055 
1.5 ©. 5210132 0.0735041 | 0.40 1.25000 0.6249763 0.1649840 
©. 5299560 0.0877090 0.38 1.31579 0.6317179 0.167924 
342148 ©.0936062 0.30 1.38889 0.63902C0 0.170857; 
oO. 0.1002729 0.34 1.47059 0.6469460 0. 
0.98 0. 0.101 7105 0:32 1.56250 0.6555680 0.176592 
0.94  O. 0.30 I -66607 O0.0049711 1793191 
0.gO 0.5 c.1078496 0.28 1.78571 0.6752492 c.1818807 
0.86 O.1III714 0.20 1.92308 0.6865125 0.1842043 
0.82 0.609 0.1146768 0.24 2.08333 0.6988879 0.1861940 
0.80 0.62500 0.1165024 O22 2.27273 ‘O:7125211 (0.187729 
0.78 0.604103 0.1183784 0.20 2.500CO0 0.7275799 0.1886242 
0.76 0.65789 0. 1203065 0.18 2.77778 0.7442570 0.1886727 
c.74 0.67568 0. 1222882 0.16 3.12500 0.7627719 0. 187563 50 
0.72 0.69444 0.5624026 0.1243252 0.14 3.57143 0.7833715 0.1848q04 
0.70 0.71429 0.5047596 0.1264189 4.16667 0.8063273 0.1800727 
0.68 0.73529 0.5072518 0.1285708 | 0.10 5.000 0,8319241 0.1723022 
0.66 0.75758 0.5698898 0.1307%822 | 0.08 6.250 0.8604318 0.1604021 
0.64 0.78125 0.5726853 0.1330545 0.c6 = 8.33333. -0.8920397 0.1425044 
0.62 0.80645 0.5750512 0.1353885 0.04 12.50 0.9267018 0.116001} 
0.60 ©.83333 ©.5788016 0.1377852 0.02 25.00 Oo. 963 37253 0.075207) 
c.58 0.86207 0.5821522 0.1402450 | 0.00 I 0.000000 
0.56 0.89286 0.5857205 0.1427682_ | 


REFERENCE. 

(1) H. G. Kiissner, ‘‘ Vibrations of Aeroplane Wings,’’ L.F.F., Vol. 4 (1929), No. 2 
Also by the same author, ‘‘ Present Position of the Problem of Wing Flutter,”’ \ 
Vol. 12 (1935), No. 6. 

The above also contains an extensive bibliography. 
Ackeret and Studer have called attention to a type of wing vibration not dealt with 
by Kiissner. 

Ackeret and Studer, ‘‘ Some Remarks on Wing Vibrations,’’ Helvetica | 
1934, p. 501. 
Also, H. L. Studer, ‘‘ Experimental Investigation of Wing Vibration,’’ Proceedings 0 
the Institute for Aerodynamics of the Technical High School, Zurich, No. 4 (Air 

Ministry Translation, No. 386). 

Vibrations of the type considered by these authors are mainly governed by breakaway 

of the flow and only occur at large angles of incidence of the wing Breakaway 

phenomena also exert an influence when the amplitude of the wing vibrations has 
reached large values. 

As Studer has treated vibrations of this type very fully, they will not be further 

considered by us. 
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THE CONSIDERATION OF INTERNAL DAMPING IN THE TWO- 
DIMENSIONAL PROBLEM OF WING VIBRATION.* 


By R. KASSNER. 
Translated by W. J. STERN, A.R.C.S. 
Communicated by D.S.R., Air Ministry. 


14th January, 1937. 
In conjunction with H. Fingado, the author has described a graphical method 
for the rapid determination of the critical velocity of a two-dimensional wing 
yithout damping (see L.F.F., Vol. 13, No. 11 (20/11/36), pp. 374-387). The 
present paper presents a continuation of this work taking into account internal 
damping of the wing. 
CONTENTS. 

1. Symbols and definitions. 

2. Mathematical expression for internal damping. 
Allowance for damping in the vibratory equations. 
4. Formulation of process. 
5. The utilisation of the method. 
6. Summary. 


1, SYMBOLS. 
The symbols are the same as in the previous work. In addition we have :— 
h damping factor. 
egt distance of damping axis hehind 7’, (m). 
egt damping radius (m). 


2, MATHEMATICAL EXPRESSION FOR INTERNAL DAMPING. 

Internal damping withdraws energy from the vibrating wing, and the critical 
velocity is raised. 

If the wing is vibrating up and down without torsion, a damping force will act 
in addition to the forces previously considered. The point of application of this 
force is called the damping axis. Its position is specified by the distance egt 
behind the front neutral point P,. We shall assume that the damping force as 
well as the vibration are simple harmonic. The ratio 

max. elastic force 
see, e.g., B. v. Schlippe, Internal Damping, Ing. Arch., Vol. 6 (1935), p. 127). 

The damping force is always opposed to the velocity and reaches its maximum 
value go°® earlier than the elastic force. If the elastic force = cy (the bar 
indicating a vector) then the damping force=ih (—cy) where i has the usual 
significance of go° unit vector operator. If we suppose on this parallel vibration, 
a torsional vibration about the damping axis, then the motion along the chord 
varies in magnitude and phase angle. It has been found that the portion of the 


* Luftfahrtforschung, Vol. 18, No. 11, 20th Nov., 1936, pp. 388-390. Translated by the 
Aeronautical Research Committee (Oscillation Sub-Committee) and published by their 
permission and that of the author. 
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wing mainly responsible for the magnitude and phase of the damping fore 
coincides with the damping axis. We therefore put 
—theyg. 


In addition there is a damping moment M,. This is related to the force § 
by defining the damping radius nat as 


nat=W { (Ma/¢)/(Ka/ya) } { (Ma/o/(he) } . 

The damping factor hg depends in general on the frequency and amplitud 
The former can be estimated (frequency in flight). The dependence on frequene 
disappears if we have only material damping and dry friction (e.g., riveted joints 
The fact that h depends on the amplitude results in the critical velocity doin 
the same. It is therefore necessary to calculate the critical velocity for sever 
values of h and plot the results on an amplitude basis. In the case of dp 
friction, h is inversely proportional to the amplitude and in order to calculate the 
minimum critical speed, the damping factor corresponding to the maximum 
expected amplitude (due to disturbances such as gusts) will have to be used. 


3. ALLOWANCE FOR DAMPING IN VIBRATORY EQUATIONS. 

It is assumed that the reader is acquainted with the previous work of th 
author quoted above. 

The motion of the wing is defined by the variation of the torsion angle 6 and 
the amplitude gj, of the point P,. The phase of the bending and torsion will be 
specified in complex notation. 

In addition to the forces and moments of section 8 of the previous work we 
obtain the damping force 

Ka=ih —the Gt (4—€4) | (1 
(point of application in the damping axis) and the damping moment 
With damping considered, the equation of equilibrium then takes the form:— 
1. Equilibrium of forces :— 
{ —c—the+v?m,+v?m, (1—4iVP) } 
+ { —c (4—e)—ihe +v?mp — Oy) 
+v?m, (44+1V+4V?P)} =o . 3 
2. Equilibrium of moments about P, :— 
Ynt { ce+thceeg—v? mM, (e+ oy) —v?m, } 
+ { —c (yn? +6? —e€/2)—the (ma? + €4? — €4/2) 
+v?m, [tp? + (e+ op)? =o | 

These equations we shall divide by v?m,—c (1+th) and following our previous 
work in which we used three factors w. z, 1/u’, which depended on frequency 
only, we shall introduce three new complex factors, which depend on the 
frequency v only. 


w= { w+tH (ng? 
I iy! =1/ { (1-7) } (3 


In the above H =he/(v?m,—c). 

With these quantities, the conditions of equilibrium are exactly the same as 
in the previous problem without damping (compare §§5 and 6). By eliminating 
J, /6t from the two equilibrium equations (3/) and (4') we obtain the equation 
of the vibratory motion. It only differs from the equation (9) of the previous 
work in that the factors w, z, 1/n’, now become complex by the addition of the 
damping terms. This makes it impossible to show the connection graphically 
on a single sheet by using those three factors as co-ordinates, as was done I 
our previous work. We have to use instead a different method. 
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FORMULATION oF NEW PROCESS. 


The vibratory equation is written in the form :— 


0.5/(1—4iVP)=(—wt+iV2)/(2 +iV) (4) 

where = 
[w+ (2+1/2 (2-4)] . (4a) 
0.51 —4 iVP) is a vector in the complex plane. Its value depends on a real 
variable, i.e., the velocity number V. As V changes, the end point of the vector 


describes a curve (Fig. 1). 


Fis. I. 


The curve 


a large scale diagram can be 
obtained From the Z.w.B.). 
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The right-hand side of (4) is also a vector f (vV) in the complex plane. 

If only V is altered, the 7 vector also describes a curve, which, as will be 
shown later, is a circle. In order to satisfy the vibratory equation, the frequency 
v has to be so adjusted in w, Z and w’g (which determine the circle) that the 
intersection of this circle with the curve o.5/(1—4iVP) gives the same value of 
for either. 

The critical velocity v is then equal to V.v.t. In order to prove that the 
f vector describes a circle, consider a complex V plane. 


The equation 


will transform the V plane into the f plane. 

Now all relations of the form 

show a circular relationship between V and f, i.e., all circles or lines in the V 
plane become lines or circles in the f plane. 

Thus the real V axis transforms into a circle in the f plane. We shall first 
determine the centre of this circle as the reflection of the -point f= at the 
circle. (In this connection the author is indebted for valuable mathematical 
suggestions to Dr. G. Ellenberger (Berlin) and Dr. A. Herrmann, K6othen i. Anh., 
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Junkers Aeroplane and Motor Works, Dessau.) To the vector f= X corresponds 
in the V plane the vector V.=i2’g. Its reflection at the circle corresponds j 
the V plane to a reflection at the real axis 
—i2 p'G. 
V,, is introduced in equation (5) and gives the mid-point vector :— 
fu=4{ u'g + (g/g) z} : 
where @ is the reflection of g at the real axis and g is the real component 


>: See 
Fig. 2. 


Fig. 2. 


Determination oF mid point 
vector 


In addition the points on the circle corresponding to V=o and J’=«x are 
easily found. 
V=o gives 


7° "7 - 
Jo= —W/2 pg : (7 
gives 
The circle can therefore be drawn, see Fig. 3. 


We have next to determine the velocity number V corresponding to a point on 

the circle. For this purpose we calculate from equations (5), (7) and (8) :— 
. 

From this follows the absolute value 

g| being obtained from Fig. 2. In addition we notice from equation (9), that 
the chords joining the variable point K to the two fixed points U and N enclose 
a constant angle. AK must therefore travel on a circle. In order to draw this 


circle, the necessary components of the vectors @, 
can be measured off from Fig. 4, after inserting the straight line 1B, 


2, g and the number 1/24 
exactly 


as was done in Fig. 1o of the previous work. 


In addition the point Aq given 


by €, and ng? must be marked. 


In many cases it coincides with the point 4 
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esponi we neglect higher order and put 


onds j; 1H /(1 —iH)=7H (1+i1H)=iH 
in equations (1), (2) and (3) we obtain :— 
w=w+iH [wt nq? | (11/) 
[z—e] . (12/) 
g= 9+ tH [nq? + (2+1/2 (13’) 
nt, see in which 
and 
H=h { ¢/(v?mp,—c) } ‘ (15’) 


Fic. 3. 


The construction of the 


circle. 


~_8] (Wee) 


on 
MNw = MU 

(G M 

10 Using the distances given in Fig. 4 
lat w=P,C,+1H . 
z=C,C+iH. | (16’) 
his i | 

G=PyCytil . | 

iy and 
H=h (BC/AB) (see Fig. 5) . (17’) 
A Neglecting higher orders simplifies the calculation but is not essential. In 


practice, h is generally small and the error negligible. 
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5. UTILISATION OF THE METHOD. 
The procedure for determining the critical velocity of a damped wing js as 
follows :— : 


1. Using Fig. 10 of previous work, we draw as before a straight line from 
the point A through B and a second line through By situated at 1/2 y above 
B (Fig. 4). 


Fic. 4. 


The determination of 
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Fig. 5. 


Various positions for the solution point C on the line AB are next assumed, 
such as a point C obtained from the series of curves of the previous work on 
the assumption of no damping and to the right of this two additional points @, 
and (, are chosen. In addition the point Ay corresponding to «, 
marked. For each of these points (, the corresponding point C,, is obtained 
using the upper straight line 4B, and using the parabola shown in the figure 
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the corresponding points P,, and Py are marked. Using Fig. 5 we next get the 
values of H corresponding to the chosen C point as follows :— 

H =he/(v?m,—c)=h (BC/AB). 


2, Using next the vectors w, 2, g, the circle is drawn in the complex (R, J) 


plane. 
The components of these vectors can be measured off from Fig. 4 


Rf component. J component. 


w PLC, H . AC; 

Zz z=C,C 

g g=P H .A,P, 
where 1/2 p’=CC,. 


The centre of the circle is midway between 
3) 


The end point of Z is on the circle. 
-w/2 p'g (see Figs. 2 and 3). 


the end points of the two vectors (9/g) Z and 


Fic.G. 


Graphical interpolation of Vand wu. 


A Cc C2 
¢ ! 
Veircle 
V 
45° | 
4 ~ 
| Yourve 


Knowing these two points, the circle can be drawn. 
3. Equation (10) gives the connection between the velocity number V and the 
§ 
point of intersection A’ of the circle and the curve, i.e., 
V=2p! |g| (NK/UK). 


In this equation |g| can be obtained from Fig. 2 and UK and NK from Fig. 


J° 


The velocity number V.,,.j. Obtained in this manner is generally not equal to 
the value Vue Corresponding to the point of intersection K considered as para- 
meter of the curve o.5/(1—4iVP). 

If the position of the point C has been chosen correctly, the two values of J 
must agree. If not, the process is repeated for a series of points C, C,, C,, ete. 
By means of the graphical interpolation shown in Fig. 6, the correct value of J 


can be found. 


In a similar manner, the correct value of nu! is determined graphically. 
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952 R. KASSNER. 
The frequency yu’ follows by definition from 
and the critical velocity v=V.v.t. 


6. SUMMARY. 


The curves given in a previous work for calculating the frequency of undamped 
two-dimensional wing vibrations cannot be extended to include damping, since 
under these conditions the co-ordinates become complex. 


A new graphical method is described which overcomes this difficulty. 
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Effect of Wind on the Retaining Cable of a Captive Balloon. (S. Neumark, 
“  Sprawozdania Inst. Badan Techn. Lotnictiva, Vol. 9, 1936, pp. 5-33, in 
Polish; from Z. Mech., Vol. 4, No. 9, 29/9/36, p. 410.) (47/1 Poland.) 

The question of the behaviour of a captive balloon in wind falls into two parts, 
the effect of wind on the balloon and its effect on the cable. In the present paper, 
the first part of the problem is considered as solved and the forces acting on the 
balloon are taken into account as a known external force acting at the upper end 
of the cable. After introducing a simple expression for the air resistance of an 
element of cable, which is sufficiently justified by experimental results, differential 
equations are deduced for the tension in the cable and its form. They are solved 
by means of specially tabulated functions. ‘Three simple mathematical cases are 
dealt with and a number of special examples are calculated and discussed. 
Experimental verification of the calculations is desirable. 


The Moment of the Fluid Pressure Acting on a Flat Plate in a Semi-Infiniie 
Stream Bounded by a Plane Wall. I. Case of Lower Boundary (the 
Ground Effect). (S. Tomotika and I, Imai, Rept. Aeron. Res. Inst., Tokyo, 
No. 152, June, 1937.) (47/2 Japan.) 

The moment of the pressure acting on a plate situated in a semi-infinite stream 
of fluid, bounded by an infinite wall on the lower side of the plate, is calculated. 
From the point of view of practical importance only the flow with circulation round 
the plate is considered, the circulation being so chosen that the flow leaves the 
trailing edge of the plate smoothly. The interference effect of the wall on the 
moment and on the centre of pressure of the plate is calculated for various angles 
of attack of the plate and for various distances of the mid-point of the plate from 
the wall. 

Applying the theoretical results to the case of a plane aerofoil near the ground, 
which may be done without serious error, shows that the centre of pressure of a 
plane aerofoil moves towards its mid-point, for all values of the angle of attack, 
as the aerofoil approaches the ground. The moment of the resultant pressure 
about the mid-point of the aerofoil decreases on account of the interference of the 
ground when the angle of attack reaches large values such as 10° or 18°. On the 
other hand, when the angle of attack is small the effect of the ground is to 
increase the moment as the aerofoil approaches the ground. 
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The Moment of the Fluid Pressure Acting on a Flat Plate in a Semi-lifinite 
Stream Bounded by a Plane Wall. II. The Case. of the Upper Boundary. 
(S. Tomotika and I. Imai, Aeron. Res. Inst., Tokyo, Rept. No. 153, June, 
1937-) (47/3 Japan.) 

The moment of the fluid pressure acting on a plate is calculated for the case 
when the plate is placed in a semi-infinite stream bounded by an infinite plane 
wall on the upper side of the plate. Only the flow with circulation round the 
plate is considered, as in the case of the lower boundary treated in a previous 
paper, and the value of the circulation is chosen so that the flow leaves the 
trailing edge smoothly. By means of various numerical calculations, the inter. 
ference effect of the boundary wall upon the moment as well as upon the centre 
of pressure of the plate is discussed for various values of the angle of attack and 
also for various values of the distance of the mid-point of the plate from the wall, 


On the Theory of Frontal Resistance. (A. A. Kosmodemijanski, Repts. No. 215 
and 216, C.A.H.I., Moscow, 1935. From Forsch. Geb. Ingenieurw, Vol. 
8, No. 4, July-August, 1937, p- 207.) (47/4 U.S.S.R.) 

An approximate method of integrating the differential equation for a laminar 
boundary layer is based on Karman’s integral equation. In contrast to Pohl- 
hausen’s work, it is shown that the velocity in the boundary layer can be expanded 
into a trigonometrical series. In this way introduction of an additional boundary 
condition can be avoided, and a curve of velocity distributions is obtained which 
agrees fairly well with experimental values. 


The Effect of Roughness on the Resistance of Ships. (G. Kempf, Jb. Schiff- 
bautechn. Ges., Vol. 38, 1937, pp. 159-176. From Z. Mech., Vol. 6, No.1 
20/7/37, p- 41.) (47/5 Germany.) 


Methods for calculating the frictional resistance of ships are reviewed with 
reference to available information on the frictional resistance of rough plates and 
some new experimental results. Towing experiments with rough sandy plates 
carried out in the Hamburg tank essentially confirmed the law for rough plates 
deduced from the Géttingen tube experiments. Measurements of local coefficient 
of resistance carried out on the ‘‘ Hamburg ”’ and ‘‘ Bremen ”’ gave an equivalent 
‘ sand roughness ”’ of k,=o.3 mm. for each of the two ships, when measured 
according to the Géttingen scale. This value, confirmed by measurements on 
other ships, can be taken as a basis for power calculations in the case of newly 
constructed ships; it corresponds to an increase in resistance of 35-45 per cent. 
due to roughness in comparison with an hydraulically smooth wall. A diagram 
is given from which it is possible to deduce, for different types of ship (model, 
cargo boat, liner, cruiser, torpedo-boat, etc.), the permissible grain size |: which 
still behaves as hydraulically smooth for any position along the length of the 
ship. The resistance often increases considerably during a voyage due to 
adhering growths. Thus, for a ship on the Australia route, the power required 
to give the same speed was increased by 35 per cent. by the presence of a covering 
of mussels. These caused an increase of 46.5 per cent. in the frictional resistance 
in comparison with that of the normal surface of the ship. 


Investigation of the Relationship between Shape and Frictional Resistance. 
(H. Amtsberg, Jb. Schiffbautechn. Ges., Vol. 38, 1937, pp. 177-234. From 
Z. Mech., Vol. 6, No. 1, 20/7/37, p. 42.) (47/6 Germany.) 

The dependence on form of the frictional resistance of a body approximating 
in shape to a ship, is examined theoretically, with special reference to the effects 
of the principal dimensions and the prismatic coefficient. Millikan’s method for 
calculating the frictional resistance and thickness of the boundary layer is 
described. Three cases are investigated :—(a) Laminar flow, (b) turbulent flow, 
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(c) turbulent flow with a laminar region. Model experiments, in which pressure 
distributions and resistances were measured, were carried out on two models, 
which were solids of revolution, symmetrical fore and aft and having prismatic 
coeficients of 0.55 and o.8 respectively. In addition an ellipsoid of revolution, 
an unsymmetrical solid of revolution composed of the forebody of the 0.55 form 
and the afterbody of the 0.8 form, an unsymmetrical solid of rotation of 0.75 
prismatic coefficient and three double models of ships forms of the same prismatic 
coefficient were investigated. The models were all run. totally submerged and in 
both directions. The method and results are given in detail and an attempt is 
made to estimate the contribution to the resistance due to the pressure difference 
at bow and stern. 


Wind Power Stations in Russia. (Z.V.D.1., Vol. 81, No. 32, 7/8/37, pp- 947/8.) 
(47/7 U.S.S.R.) 

Reference is made to the 110 kw. station in the Krim Peninsula (propeller type 
rotor 30 m. diam., 30 r.p.m.). Asa result of the experience gained, a 10,c00 kw. 
station in the same locality is planned (two rotors, 80 m. diam., placed respec- 
tively 65 m. and 158 m. above the surface). 

A special department of the Institute of Aerodynamic Research (Moscow) is 
set aside to deal with the design and development of wind motors. The experi- 
mental plant enables rotors up to 10 m. diameter to be tested in a natural wind. 

Over 200 sample installations of various power output will be distributed over 
the country to familiarise the agricultural population with these plants. 


The Resistance of a Ship Among Waves. (T. H. Havelock, Proc. Roy. Soc., 
Ser. A, Vol. 161, No. 906, 3/8/1937, pp. 209-308.) (47/8 Great Britain.) 

The wave resistance of a ship in still water can be calculated to a certain degree 
of approximation after making various assumptions. Similar calculations are 
now made for a ship among free surface waves of small height. The additional 
resistance, which may be negative, is considered as the horizontal resultant of 
the additional pressures due to the free surface waves. 

The cases considered are (i) when the waves are stationary relative to the model, 
free transverse waves moving at the same speed, and also the case of a model on 
the waves left by another model in advance and moving at the same speed, (ii) a 
model, not free to pitch, in transverse waves moving with the speed appropriate 
to their wave length. 

It is shown that the additional horizontal forces may be of the same order as 
the wave resistance in still water even when the ratio of wave height to wave 
length has only a moderate value. 

The various cases are discussed in relation to available experimental results. 


The Two-Dimensional Hydrodynamic Theory of Moving Aerofoils I. (R. M. 
Morris, Proc. Roy. Soc., Ser. A, Vol. 161, No. 906, 3/8/37, pp. 406-19.) 
(47/9 Great Britain.) 

In this paper a complete solution is given to the two-dimensional hydro- 
dynamical problem of the motion in incompressible and inviscid fluid of a cylinder 
of a general type, which includes all those for which solutions are known, and 
also the most general type of cylinder which is used in the discussions of aerofoil 


theory. The potential and stream function of the fluid motion are determined, 
and thence the energy and forces exerted by the liquid on the cylinder. The latter 


are determined both by the Lagrange-Kirchhoff method and by direct integration 
of the pressure, the latter determination being rendered tractable by the discovery 
of generalised forms of the Blasius contour integral expressions applicable when 
the surfaces are in motion. 

The effect of variable circulation has been considered, but the discussion of the 
effect of surfaces of discontinuity is postponed for a further note. 
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Experiments with Fluid Friction in Roughened Pipes. (C. E. Colebrook and 
C. M. White, Proc. Roy. Soc., Ser. A, Vol. 161, No. go6, 3/8 1937, 
pp. 307-81.) (47/10 Great Britain.) 

Nikuradse, experimenting with flow through uniformly roughened pipes, found 
comparatively abrupt transition from ‘* smooth ”’ law at slow speeds to ** rough” 
law at high speeds. Other experimenters using surfaces of the nature of cast 
iron, wrought iron or galvanised steel, have obtained results which can only be 
explained by a much more gradual transition between the two resistance laws, 
The present experiments show that with non-uniform roughness transition js 
gradual, and in extreme cases so gradual that the whole working range lies within 
the transition zone. This closes the gap between Nikuradse’s artificial rough- 
nesses, and those normally found in pipes. 


On the Distribution of Lift Across the Span Near and Beyond the Stu (Gc: 
Wieselsberger, J. Acron. Sci., Vol. 4, No. 9, July, 1937, pp. 
(47/11 U.S.A.) 

At high angles of incidence, near or beyond the point where the lift has a 
maximum value, the distribution of lift across the span of a wing differs con- 
siderably from that at low angles of incidence. This is due to the fact that the 
condition C,=const. a which is fulfilled at low angles of incidence, does not 
hold at angles of incidence near or beyond the stall. Most of the known methods 
for calculating lift distribution are based on this condition and cannot be applied 
to a lift curve of arbitrary shape. An approximate method has therefore been 
used to calculate the distribution of lift near and beyond the stall for two aero- 
foils. The induced velocity is used in determining the regions of stalled and 
unstalled flow. 


Acoustic Measurements in Vortex Streets behind Circular Cylinders and Flat 
Plates. (R. Lehnert, Phys. Zeit., Vol. 38, No. 13-14, 15/7/1937, pp. 
476-98.) (47/12 Germany.) 

The dimensionless vortex frequency ND/U has been measured at Reynolds 
numbers of 50-1,350 in the case of normal flow on to a cylinder, and at Reynolds 


numbers of 65-240 in the case of oblique flow on to a cylinder. Two acoustic 
methods were used to determine the frequency :—Determination of the resonance 
tones of the cylinder (wire) and listening by means of a pitot tube. With 
increasing Reynolds number ND /U first increases rapidly, then’ gradually more 
slowly. The curve is approximately the reverse in shape of the well-known 
resistance curve (including one or two indentations). In the case of oblique flow 


ND/U increases with increasing inclination of the direction of flow. 

Vortex frequency, distance between vortices and resistance were also measured 
for normal flow on to a flat plate in the range of Reynolds numbers 500-7,500. 
The c, values calculated from frequency and distance by V. Karman’s method 
is about 20 per cent. smaller than the experimental value. 


Present-Day Problems in Aerodynamic Research. (H. Stuper, Luftwissen, 
Vol. 4, No. 7, July, 1937, pp. 199-200.) (47/13 Germany.) 


(4) The two-dimensional aerodynamic theory is well advanced as regards lift 


and even the problem of wing flaps has been successfully attacked. A calculation 
of drag is, however, as yet impossible. In the case of the wing of finite span, 
the lift distribution can be calculated for a given profile. The method is, how- 
ever, extremely complicated and the effect of oblique attack (wings in V form 
has not vet been solved satisfactorily. The same applies to a wing in a non- 
homogeneous velocity field, although this problem is of great importance in 


tail plane design. 


(b) The theory underlying the so-called ‘‘ flying qualities ’’ of a complete 
aircraft is in its infancy. Whilst time of climb and ceiling, ete., can be calculated 
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with reasonable accuracy, the actual handling of the complete aircraft 
(manceuvrability, stability, etc.) often shows most unexpected results. It is 
obvious that the theory underlying the mutual interference of various aircraft parts 
requires considerable extension. 

(c) In addition to the above researches, which cover extended fields, certain 
more restricted problems are also becoming urgent. Examples are: High altitude 
flying (supercharging and cooling), aircraft vibration and noise. 


Turbulent Flow Along Undulating Wa 


alls. (H. Motzfeld, Z.A.M.M., Vol. 17, 
No. 4, August, 1937, pp. 193-212.) 


(47/14 Germany.) 

The problem of the formation of water waves by wind has given rise to this 
experimental investigation of turbulent flow along undulating walls. The dis- 
tribution of pressure and velocity is measured for several walls with different 
kinds of undulations. The results are compared with those for smooth and rough 
walls, and applied to the theory of the origin and increase of water waves 
produced by wind. 


Charts Kapressing the Time, Velocity, and Altitude Relations for an Aeroplane 
Diving in a Standard Atmosphere. (H. A. Pearson, N.A.C.A. Tech. Note 
No. 599, April, 1937.) (47/15 U.S.A.) 

In this report charts are given showing the relation between time, velocity and 
altitude for aeroplanes having various terminal velocities diving in a standard 
atmosphere. The range of starting altitudes is from 8,000 to 32,000 feet and the 
terminal velocities vary from 150 to 550 m.p.h. A comparison is made between 
an experimental case and the results obtained from the charts. Examples pointing 
out the use of the charts are included. 


Experimental Research on the Effectiveness of Ailerons and Elevators. (TY. 
Ogawa and K. Ito, Aer. Res. Inst., Tokyo, Rept. No. 151, May, 1937.) 
(47/16 Japan.) 

The effectiveness* of the control surfaces of a single-seater biplane of 1,500 kg. 
total weight has been investigated by means of recorder, working on the principle 
of a pin-hole camera. The image of the sun records the angular motion about 
one axis of the aeroplane. Time is marked by a tuning fork which intercepts the 
sun’s rays through the pin-hole. Angular motion of the control surface is recorded 
direct by light reflected from a small concave mirror attached to the rudder 
surface. Motion of the control stick is similarly recorded. The difference between 
the two gives the time lag as well as the play and deformation in the control 
system. The effectiveness of the aileron was 3.98 (rad./sec.) at a flight velocity 
of 201 km./hr., being about 2.4 times that of a 5,500 kg. flying boat measured 


previously with the recorder. The effectiveness of the elevator was 2.62 rad./sec. 
at a velocity of 190 km./hr., which is 8 per cent. greater than that of a Junkers 
A-35, of total weight 1,3co-1,400 kg. The effectiveness of both aileron and 


elevator is about 18 per cent. less for a large rudder angle (5-15°) than for a 
small rudder angle (< 5°) and, in agreement with theory, is directly proportional 
to velocity of flight. 


Transatlantic Seaplane Ha. 139. (Inter. Avia., No. 444, 22/6/37, pp. 7-8.) 
(47/17 Germany.) 

Thanks to the favourable take-off qualities of the machine established during 

tests, it was possible to increase the gross weight from the original estimate 


* Effectiveness of the control surface is defined by the authors as the constant angular velocity 
imparted to the aeroplane, when flying at minimum speed, for an aileron angular velocity 
of 1 radian/sec. 
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of 12.5 tons to 15.5 tons. Under these conditions the machine will take-off jy 
30 seconds (no wind and smooth sea). 

Catapult starts are possible up to a gross weight of 17 tons, made up as 
follows 


Crew ... HOO: 5, 
Useful load ... 400 ,, 


10,925 5, 


(For particulars of float design, see translation No. 488.) 


Dynamic Rudder Balancing. (R. Von Wolff, Forsch. Geb. Ingenieurw, Vol. 8 
No. 4, July-August, 1937, pp. 184-91.) (47/18 Germany.) 

A method for calculating the balance of aeroplane rudders and ailerons has 
been developed, which enables the troublesome experimental method previously 
in use to be avoided. An attempt is made to obtain the balance in a form applica- 
ble to each type of rudder without preceding investigation or calculation. Onl 
the inertia forces effective in vibration tests on a test stand are considered. , 

Two assumptions are made, firstly, that the bending amplitude of the wing or 
fin carrying the rudder is directly proportional to the distance from the nodal 
axis of the corresponding bending vibration at any time, and secondly, that the 
gravity axis and the pivot axis of the rudder are parallel. Both assumptions are 
necessary if a generally valid solution is to be arrived at, and they are justified 
by the fact that if the bending deflection increases faster than the distance from 
the nodal line (€.g., at the wing tips) this causes the C.G. axis of the rudder to 
approach the pivotal axis. 


A Method for Determining the Moment of Inertia of Aeroplanes. (J. 
Pobedonoszew, Rept. No. 201 of the Central Hydrodynamic Inst., Moscow, 
1935. From Forsch. Geb. Ingenieurw, Vol. 8, No. 4, July-August, 1937, 
p. 206.) (47/19 U.S.S.R.) 

Analytical determination of the moment of inertia of aeroplanes presents funda- 
mental difficulties, and owing to the tmerous individual parts, different construc- 
tional materials and the presence of moving liquids, no accurate estimation can 
be made. Experimental determinations differ by 30-50 per cent. from analytical 
determinations. Actually in the case of change in motion of a body in a sur- 
rounding medium (air), not only the inertia of the body itself has to be overcome 
but also that of the surrounding medium. In contrast to the conditions in a 
vacuum, there is then an apparent increase in mass, and also in moment of inertia, 
this being greater the greater the density and the greater the quantity of medium 
affected by motion of the body. 

Setting out from easy geometrical figures in the form of simple models, com- 
parison of the analytically and experimentally determined values for moment of 
inertia gave correction coefficients which can be applied to the case of aeroplanes. 

Two processes were used :—(1) Determination of the moment of inertia by 
multiple suspension; (2) the pendulum method with two degrees of freedom. 
Investigations were carried out on three aeroplanes and results are given in 
tabular form. The greatest variation between experiment and calculation, with 
reference to the longitudinal axis, was 53 per cent. One model was also investi 
gated with reduced wing surface and it was confirmed that the mass of air taking 
part in the motion depends chiefly on the wing surface. 
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fhe Dynamic Longitudinal Stability of an Aeroplane. (G. Kalatschew, Rept. 
No. 235 of the Central Hydrodynamic Inst., Moscow, 1935. From Forsch. 


Geb. Ingenieurw, Vol. 8, No. 4, 1937, p. 206.) (47/20 U.S.S.R.) 


From the results of a similar investigation (A. M. Ljapunow, General Calcula- 
tion of Stability in Motion, Moscow, 1935), the theory and calculation of dynamic 
stability are briefly described. This forms the basis for consideration of the 
factors affecting stability, namely, actual moments and damping moments, con- 
structional parameters and the characteristics of the aeroplane. 


The method of small vibrations is employed for determining dynamic stability. 
It consists in plotting the small freely damped vibrations of a model. Two 
quantities depending on the friction of the apparatus are introduced into the 
equations of vibration of the model. In evaluating the results attention is paid 
to the effect of the air flow. In addition to the experimental determination, a 
method for an approximate calculation of the dynamic stability coefficient is 
discussed. Evaluation of the experimental results is carried out by application 
of approximate formule for determining the roots of the characteristic vibration 
equations. The relationship between the dynamic and the static stability is given 
in tables. The conditions of stability for propelled flight and gliding flight are 
compared. Finally, differential equations are developed for the case of 
ununiform motion. 


Focke-Wulf Helicopter F.W. 61. (Flugsport, Vol. 29, No. 16, Aug. 4, 1937, 
pp. 435-6.) (47/21 Germany.) 

The author of the article throws doubt on whether the altitude claimed (2,500 m.) 
could have been reached under true helicopter conditions. The engine is rated 
at 160 b.h.p. on the ground. At 2,500 m. this would be reduced to approximately 
125, and deducting a further 15 per cent. for rotor gearing and cooling losses of 
the auxiliary propeller, the b.h.p. at the helicopter rotors would be 106. Assuming 
the weight of the machine to be 1,100 kg. of the diameter of each rotor 7 m. 
the Bendemann formula gives a relative efficiency (i.e., actual lift/theoretical 
helicopter lift of over 89 per cent.). 


This is considered too high and since both the weight and diameter assumed 
cannot be seriously wrong, the height of 2,500 m. cannot have been reached in 
vertical ascent, but whilst the machine was undergoing translation. 


The horizontal speed claimed for the machine is also remarkable. Assuming 
15 per cent. for gearing and cooling losses as before, the rotor b.h.p. will be of 
the order of 136 near the ground. The actual speed realised was 122.5 km./h., 
ié., a thrust of 3co kg. must have been produced. This corresponds to an 
overall gliding coefficient of 1: 3.67 (assuming weight of machine at 1,100 kg. 
and would correspond to a gliding coefficient of 1: 4.67 for a normal machine 
with 75 per cent. propeller efficiency. Considering the general layout of the 
FW. 61, such a gliding coefficient must be considered very optimistic. 


A Simplified Analysis of Static Longitudinal Stability. (E. G. Reid, J. Aeron. 
Sci., Vol. 4, No. .9, July, 1937, pp. 375-83-) (47/22 U.S.A.) 

The development is described of a single family of curves which illustrates the 
variation of the pitching moment coefficient with the lift coefficient for all wings 
and all positions of the centre of gravity. The characteristics of these curves 
and their derivatives are analysed in conjunction with the known properties of 
tail planes. A direct method for the determination of tail plane area is given and 
an example of the use of the simplified analysis appended. 
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Tests of ‘* Vertaplane,”’ a New Type of Aircraft. (Inter. Avia., No. 4bo, 
11/8/1937, p- 6. See also Aviation, Vol. 36, No. 9, Sept., 1937, p. 53. 
(47/23 U.S.A.) 

Successful tests were made at Philadelphia on 31st July, 1937, with the 


Vertaplane ’’ invented by G. P. Herrick. The plane flies as an ordinary biplane 


with two independent semi-cantilever wings; for descending the pilot releases the 
attachment holding the upper wing which is mounted on a vertical axis and which 


then rotates at about 220 rev./min. ‘The first model, having a 125 b.h.p. Kinne; 
engine, weighs about 1,7oolb. In the tests the attaching device of the upper 
wing was released at an altitude of 1,500ft. The aircraft landed similarly to , 
gyroplane, at a steep angle and low landing speed. 


Empirical Corrections to the Spun Load at the Tip. (H. A. Pearson, N.A.€.A 
Tech. Note No. 606, August, 1937.) (47/24 U.S.A.) 

An analysis of existing pressure distribution data was made to determine the 
variation of the tip loading with wing plan form. A series of empirical tip 
corrections was derived that may be added to theoretical curves in certain cases 
to obtain a closer approach to the actual loading at the tip. The analysis indicated 
that the need for a tip correction decreases as either the aspect ratio or the wing 
taper is increased. In general, it may be said that, for wings of conventional 
aspect ratio, corrections to the theoretical span load curves are necessary only if 
the wing is tapered less than 2:1 and has a blunt tip. If the tip is well rounded 
in plan form, no correction appears necessary even for a wing with no taper. 


Full-Scale Wind Tunnel and Flight Tests of a Fairchild 22 Aeroplane [quipped 
with External Airfoil Flaps. (W. D. Reed and W. C. Clay, N.A.C.A, 
Tech. Note No. 604, July, 1937.) (47/25 U.S.A.) 

Wind tunnel and flight tests have been made of a Fairchild 22 aeroplane 
equipped with a wing having external airfoil flaps that also perform the functions 
of ailerons. Lift, drag, and pitching moment coefficients of the aeroplane with 
several flap settings and the rolling and yawing moment coefficients with the flaps 
deflected as ailerons were measured in the full-scale tunnel with the horizontal tail 
surfaces and propeller removed. The effect of the flaps on the low speed and on 
the take-off and landing characteristics, the effectiveness of flaps when used as 
ailerons, and the forces required to operate them as ailerons were determined in 
flight. The wind tunnel tests showed that the flaps increased the maximum lift 
coefficient of the aeroplane from 1.51 with the flap in the minimum drag position 
to 2.12 with the flap deflected 30°. In the flight tests the minimum speed decreased 
from 46.8 m.p.h. with the flaps up to 41.3 m.p.h. with the flaps deflected. The 
required take-off run to attain a height of 50 feet was reduced from 820 to 
750 feet and the landing run from a height of 50 feet was reduced from 930 to 
480 feet. The flaps for this installation gave lateral control that was not entirely 
satisfactory. Their rolling action was good, but the adverse yaw resulting from 
their use was greater than is considered desirable, and the stick forces required 
to operate them increased too rapidly with speed. 


High Lift Devices on Catapult Seaplanes. (R. Garry, Bull. Assoc. Techn. Marit. 
Aeronaut., No. 40, 1936, pp. 457-67. From Z. Mech., Vol. 5, No. 6, 
24/3/37, P- 279.) (47/26 France.) 

The aerodynamic properties of catapult seaplanes are discussed with referencé 
to the technical requirements of the French programme for 1933 for scout and 
reconnaissance seaplanes. Various high lift flap devices are compared and It !s 
shown how, before the first catapult tests, the correct angle of incidence ane 
correct flap angle for a given speed of ejection can be chosen with a certain 
degree of accuracy from flight tests. For the machine to proceed horizontally 
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mn leaving the catapult without any special manipulations by the pilot it is neces- 
sary that:—(1) The speed of ejection is correctly adjusted with respect to the 
angle of incidence and the flap angle, ?.¢., with respect to the lift coefficient and 
the f flying weight. (2) The throttle position is correctly adjusted for horizontal 
fight. (3) In ‘the case of engine failure on starting the ‘speed of fall of the plane 
should be as low as possible ; this is also important for landing on water. (4) To 
make allowance for a head wind either the velocity of the catapult or the flap 
angle or the angle of incidence must be variable. It is recommended that for 
weak winds the ‘aps should be in the backward position, if necessary at B=o. 
For very strong headwinds the speed of ejection should be reduced. Of the 
various types of eos. etc., slotted wings are quite out of question for increasing 
iift. Split ap wings are most suitable. 


Critical Velocity (for Static and Dynamic Vibrations) of a Cantilever Monoplane 
Wing as a Function of Geometrical and Elastic Characteristics; Inertia 
and Internal Damping. (R. Chiappulini, Politecnico, Milano, Vol. 84, 
1936, pp. 278-95 and 315-28. From Z. Mech., Vol. 5, No. 6, 24/3/: 
p. 281.) (47/27 Italy.) 
A physical interpretation is given of the critical speed of fexural-torsional 
futter based on the assumption that the energy lost in internal damping is pro- 
portional to the cube of the maximum amplitude, while the energy due to aero- 
dynamical and inertia forces varies as the square of the maximum amplitude. 
The investigations of Minelli and of Bellomo concerning the divergence speed 
and oscillations of a tapered cantilever wing in pure flexure and torsion are 
discussed. Methods employed by Kiissner (Luftfahrtforsch., Vol. 4, p. 41) and 
y Blenk and Liebers (Luftfahrtforsch., Vol. 1, p. 1, and Vol. 4, p. 69) to 
calculate the critical speed of flexural-torsional flutter of a cantilever wing are 
summarised. A series of diagrams obtained by these authors show how the 
critical speed is affected by changes in the elastic and inertia properties of the 
wing. 


War Material in Spain. (The Aeropiane, Vol. 53, No. 1,367, August 4, 1937, 
p. 128.) (47/28 Great Britain.) 

The trimotor Junkers Ju.52 are slow and provide an easy mark for anti-aircraft 
guns. They are being replaced by the twin-engined model Ju.86 (Diesel engines). 

Two other German types mentioned as taking part in the fighting are the 
Dornier bomber and the Heinkel fighter. Both these machines were demon- 
strated at the recent Zurich International Meeting. The Heinkel has a high rate 
of climb and on account of its great structural strength is particularly suited for 
dive nag] and ground attack. 

(See also Abstracts No. 46, item 20.) 


War Experiences in Spain. (The Aeroplane, Vol. 53, No. 1,368, August 11, 1937, 
pp. 155/6.) (47/29 Spain.) 

When a metal covered wing is hit by a small shell the air may get inside the 
wing and tear the metal skin off the upper surface. The metal rips along the 
nearest line of rivets and the strip will hang on by its aftermost edge, forming a 
serious aerodynamic obstruction. As a result, the machine may either go out of 
control or the wing break up completely. 

Experiments are being carried out with ‘‘ sprinkler 
quite small bombs fitted with time fuses set to burst the bomb at any desired 
distance below the machine which drops them. They are used for attacking 
aircraft formations from above. 
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Wireless Bombing Trainer. (Aero Digest, Vol. 31, No. 2, August, 1937, pp. » 
and 44.) (47/30 U.S.A.) 

A camera obscura fitted-with a 9.25in. aperture lens projects an image of the 
bombing aeroplane on a chart four foot square. The camera forms the targe 
for the approaching aircraft and the bomber signals the instant of hypothetica 
release. The scorer plots the movement of the bomber on the chart and if the 
altitude and wind direction are known the point of arrival of the bom) can lk 
calculated. 

Whilst not superseding actual bomb drops, the device permits more extensive 
training and practice than was heretofore possible under the annual allowance of 
actual bombs. 


New Statistics on Aerial Rearmament, II. (From Die Weltwoche, a Swiss 
periodical; Inter. Avia., No. 460, 14/8/1937, pp- 1-3-) (47/31-) 
The effective strengths of the air fleets of the main powers in June, 1937, are 
stated to have been :— 


Aggression. Defence. Others. Potal. 
Great Britain 1100 500 300 1900 
France (without Colonies) a goo 800 400 2100 
Czechoslovakia 250 300 250 800 
Germany 600 350 1900 
Italy (without Colonies) =P oe 850 Qoo 250 2000 
Poland 150 300 450 goo 
U.S.S.R. (incl. Far East) ... So 1700 1200 700 3600 
U.S.A. goo 450 400 1750 


(These figures do not include aircraft for co-operation with army and _ navy.) 

The organisation of the various air forces with respect to geographical and 
geostrategical conditions is briefly mentioned. On the basis of present industrial 
conditions the output capacities of the aircraft industries of the various countries 
can be indicated by the following figures: Italy 1, Germany 1.5, France 2, Great 
Britain 3, U.S.S.R. 4, and U.S.A. 


Determination of Fuel Jet Impact in Diesel Engines. (J. Geiger, 2 V.D.1, 
Vol. 81, No. 32, 7/8/37, pp. 948-9.) (47/32 Germany.) 

The distribution of the fuel in the fuel jet was determined by allowing the jet 
to impinge on a small plate which was carried on a spindle passing through the 
cylinder head of the engine. The length of the plate arm can be varied and in 
this way the confines of the fuel jet outlined. Most of the experiments were 
carried out with the engine motored, using nitrogen instead of air. \ certain 
number of power runs were also carried out which showed that the Vane 
mechanism withstood the combustion process remarkably well. Sample photo- 
graphs show the effect of turbulence (masked inlet valve, etc.) on the breaking 
up of the jet. 


Cooling of Airplane Engines at Low Air Speeds. (T. Theodorsen, M. }. Brevoort 
and G. W. Stickle, N.A.C.A. Rept. No. 593, 1937.) (47/33 U.S.A.) 

A full-scale experimental study has been carried out in the N.A.C.A. 20-foot 
wind tunnel to determine the effect of various devices (different nose forms, skirts, 
flaps, propellers, spinners and special blowers) on the cooling of an aeroplane 
engine on the ground. Adjusté able skirt flaps were comparatively inefficient and are 
not recommended, except in the case of very loosely baffled or unbaffled engines. 
The design of the nose of a cowling influences cooling at the ground, noses with 
small frontal openings being detrimental. A design with a radial inward bend of 
the leading edge was slightly better than the normal designs recommended for 
cruising conditions. A blade section of proper aerofoil shape near the hub of the 
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propeller is very effective in promoting cooling, being far superior to the con- 
ventional round shank. Charts are given for a number of standard propellers 
giving the most efficient blade-angle setting for obtaining the best cooling at the 
sround. The angle is apparently a function only of the permissible maximum 
engine speed, which was found to correspond to a blade angle of about 20°. A 
small axial. fan of simple construction was found to give most efficient cooling 


on the ground. 


Full-Scale Tests of a New Type N.A.C.A. Nose-Slot Cowling. (T. Theodorsen, 
M. J. Brevoort, G. W. Stickle and M. N. Gough, N.A.C.A. Rept. No. 595, 
1937+) (47/34 U.S.A.) 

The effect of various refinements in the design of engine cowlings on the 
propeller nacelle unit as a whole has been investigated by full-scale tests in the 
,0-foot wind tunnel, under conditions corresponding to take-off, climb and normal 
fight. 1 he present report gives results obtained with a novel type of cowling in 
which the opening for discharging the cooling air is situated at the foremost 
extremity or nose of the cowling, instead of in the usual position behind the 
engine. This type is capable of producing two to three times the pressure head 
obtainable with the normal type because the exit opening is situated in a field of 
considerable negative pressure. Identical conditions of cooling can thus be 
obtained at correspondingly lower air speeds. In general, the efficiency is found 
to be high owing to the fact that higher velocities may be used in the exit 
opening. Flight tests of a temporary installation showed promising results. 


The New Daimler Benz Inverted Aero Engine D.B. 600. (Flight, Vol. 32, 
No. 1,497, 2/9/37, p- 232-) (47/35 Germany.) 
The following are leading particulars of this petrol engine :— 
12-cylinder inverted V. 
Bore 150 mm. 
Stroke 160 mm. 
Compression ratio 6.5. 
Type AB (ground boosted)— 


r.p.m. b.h.p. 
2200 800 (rated) 
2200 goo (30 minutes) 
2400 1000 (5 minutes) 
a dry weight 1200 lb. 

Type CD (supercharged height 13000 feet)— 
r.p.m. b.h.p. 
2200 800 (at 13000 feet) 


g1o (take-off b.h.p.) 
dry weight 1210 lb. 

The crankcase and cylinder blocks are of cast silumin-gamma alloy. Shrunk 
and screwed steel liners are fitted. The supercharger driving shaft is at right 
angles to the engine crankshaft and the plane of rotation of the impellor is thus 
parallel to the longitudinal axis of the engine. It is stated that some models are 
fitted with a direct fuel injection system (see also Abstracts No. 46, item 20). 


The New Junkers Aero Engine Jumo 210 (Petrol). (Flugsport, Vol. 29, No. 17, 
18/8/37, p. 472.) (47/36 Germany.) 

The following are the leading particulars: 12-cylinder inverted V engine (60°). 
Overhead valves (2 inlet and 1 exhaust) operated by push rods and tappets from 
camshaft situated at the base of the V. Bosch inertia starter and Sum carburettor 
are fitted. The light alloy crankcase is carried up to the cylinder head, separate 
liners being fitted in the usual manner. Total stroke volume 19.7 litres. 
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With 87-octane fuel, the ground supercharged model gives 680 b.h.p. at 27 
r.p.m. 
The altitude type gives 640 b.h.p. at 4500 m. (automatic boost control 


Weight 442 kg. Oil consumption, 8-12 gm. per b.h.p. hour. Fuel consumption, 


not stated. 


Dimensions: Overall length 1487 mm. ; Overall width 686 mm. ; Overa!l height 


g6o0 mm. 
(See also Abstracts No. 46, item 20.) 


Advantages of the Aero Diesel Engine. (Inter. Avia., No. 468, 6/9/37, pp. 1-2, 
(47/37 Germany.) 

In a recent lecture, Mr. A. Nutt, of the Wright Aeronautical Corporation, 
U.S.A., denied the further possibilities of development as well as the cconomi 
justification of this type of power plant. 

The Junkers works have issued a reply in which they claim that the Diese! 
engine has fully justified itself in practice. Already after four hours (not 20 as 
stated in the lecture) the additional weight of the Diesel plant compared with 
standard type of air-cooled petrol engines has been made up by the lower fuel 
consumption. It is true that by the use of highly developed aero engines using 
luxury fuels, the fuel consumption of the carburettor engine can be reduced t 
some extent. This is, however, not considered a commercial proposition (high 
cost) and in any case the fuel weight consumption will be higher than can be 
obtained with a commercial Diesel using cheap oil fuel. Apart from these advan. 
tages of low cost, the almost complete exclusion of fire risk is a tremendous 
advantage. Calculations based on laboratory experiments are misleading. The 
Diesel oil does not develop any explosive fumes. In no case have Diesel engined 
aircraft caught fire in a crash, even if the collapse of the tanks caused the fuel 
to flow over the hot engine. It is thus not a question of petrol shortage which 
has led to the active development of the Diesel aero engine, but the realisation 
that it has fully justified itself in transport work. 


Contributions to the Study of the Octanes. (A. Maman, Compt. Rend., Vol. 205, 
No. 5, 2/8/1937, pp. 319-21.) (47/38 France.) 

The following isomeric octanes have been prepared: Normal octane, 2-methy! 
heptane, 3-methyl heptane, 4-methyl heptane, 2.3-dimethyl hexane, 3.4-dimethy! 
hexane, 2.4-dimethyl hexane, 2.5-dimethyl hexane, 3-ethyl hexane and 2.3-methy! 
ethyl pentane. Their physical properties (density, critical solubility sige aang 
refractive indices) useful in analysing mixtures of hydrocatbons have been 
determined. Apparatus similar to that used in the study of the heptanes (Pub. 
Sci. Tech. Min. |’Air, No. 66) has been employed to study the resistance of these 
hydrocarbons to oxidation, the temperature at which CO appeared in ng com- 
bustion products being noted in each case. The figures given only apply to this 
particular apparatus. In accordance with Pope and Dykstra’s ieptation “that for 
certain hydrocarbons there is a relationship between resistance to oxidation and 


detonation, the present results confirm that saturated straight chain aliphati 
hydrocarbons, or those containing a single carbon atom of the type Z1-CH-CH,, 
are those which knock most badly. It is probable that knocking properties 


decrease as two carbon atoms of this type approach one another in the carbon 
chain. Finally, detonation disappears when the hydrocarbons possess one Of 
more tetra-substituted carbon atoms in the molecule. 


Behaviour of High and Low Cetane Diesel Fuels. (G. C. Wilson and R. A 
Rose, S.A.E. Journal, Vol. 41, No. 2, Aug., 1937, pp. 343-8-) (47/39 
U.S.A.) 

Apparatus for photo-electric combustion analysis previously described (S.A.E. 

Journal, Vol. 39, No. 5, November, 1936, pp. 459-68) has been used to study 
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the combustion of 28 fuels and pure compounds, full particulars of which are 
given. Over 1,c00 oscillograms were obtained and ignition lag was plotted 
against injection advance angle for each fuel. From the results the conclusions 
drawn are 

(1) When any fuel is injected into the combustion space of a Diesel engine, 
the ignition delay period is about o.oo1 sec. if the air is at or above the critical 
ignition pressure and temperature. 

(2) All fuels give rough running if injected as much or more than 0.0027 sec. 
before combustion starts. Thus a low-cetane fuel may burn smoothly and a high- 
cetane fuel may burn roughly, depending on the angle of injection advance. 

(3) The outstanding cause of ignition delay and engine roughness with low- 
cetane fuels is too early injection of the fuel. The time of beginning of fuel 
injection should not only vary with the engine speed, but it should be adjustable 
to suit each different fuel. 


Corrosion of Metals by Non-Electrolytes. Influence of Light Hydrocarbon Fuel 
on Metals and Alloys. III-V. Actien of Cracked Petrol on (III) Mag- 
nesium, Aluminium and Aluminium Alloys; (IV) Steels; and (V) Copper 
and Brass. (L. G. Gindin and R. S. Ambarzumjan, J. Phys. Chem., 
U.S.S.R., Vol. 9, 1937, pp. 91-9, 213-21, and 222-30. From Brit. Chem. 
Absts., Vol. 56, Aug., 1937, p- 794.) (47/40 U.S.S.R.) 

III. The corrosion of Mg, Al and Al alloys in 600 days by petrol made by 
cracking Grozni oil has been investigated. Mg is strongly affected, but Al and 
its alloys are stable. The corrosion of Mg is due to autoxidation of the petrol. 

IV. Steel containing 0.2 per cent. C. is strongly corroded in 500-700 days at 
room temperature. Corrosion is coupled with autoxidation of the petrol. Stain- 
less Cr-Ni steel remains unattacked after 400 days. 

V. Cu is strongly corroded in 600 days at room temperature, the losses in 
weight being up to 2.5 gr. per 100 gr. Corrosion is due to autoxidation of the 
petrol. No autoxidation or corrosion occurs in presence of pinene (50 drops 
per litre). Brass is strongly corroded by petrol from Baku, but only slightly by 
that from Grozny. Corrosion of brass is associated with removal of zinc. 


Infra-Red Absorption of Nineteen Hydrocarbons, including Ten of High Molecular 
Weight. (F. W. Rose, Jnr., Bur. Stan. J. Res., Vol. 19, No. 2, August, 
1937, pp. 143-161.) (47/41 U.S.A.) 

The absorption spectra of 9 hydrocarbons of low molecular weight (C, to C,,) 
and of 10 hydrocarbons of high molecular weight (C,, to C,,) have been recorded 
in the near infra-red from 5400 to 8900 cm.~! (1.82 to 1.12”) with a recording 
infra-red glass spectrograph. Molar absorptive indices have been calculated and 
plotted against wave numbers. Qualitative correlations of the differences in the 
various spectral characteristics of certain structural types have been noted and 
some limitations of such interpretations indicated. It appears that these data can 
now be correlated quantitatively with respect to structural units of hydrocarbon 
molecules. The results of such a study on the infra-red absorption spectra of 
54 hydrocarbons follow in a subsequent report. e 


Alcohol Motor Fuels. (A. R. Ogston, J. Inst. Pet. Tech., Vol. 23, No. 166, 
August, 1937, pp. 5060-523.) (47/42 Great Britain.) - 

After describing various manufacturing processes for the lower and higher 
alcohols, the author deals with the preparation of fuel mixtures containing alcohol. 
The effect on engine performance of such mixtures is briefly discussed. Corrosion, 
solvent action, wear, thermal efficiency and the advantage of alcohol as a fuel 
constituent for aircraft use are pointed out. The methods envisaged at present 
for obtaining high octane number fuels involve addition of iso-octane and 
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iso-propyl ether to petrol already doped to the maximum permissible extent with 


tetraethyl lead. 


The blending agents are_at present only produced in the U.S.A. and _ thei 
manufacture is only feasible in countries with ample supplies of crude pciroleum 
together with their attendant refining facilities. Bearing in mind the presen; 
policy of the U.S.A. with regard to the export of war material, a thorough 


investigation of the possibilities of alcohol is of the utmost importance. In ap 
emergency some of the alcohol derivatives could be produced in this country 
without having to import raw materials. 


Fundamental Principles of Water Flow Measurement by Propeller Curren 
Meters. (W. Henn, V.D.I. Forschungsheft, No. 385, 1937, 22 pp. (47/43 
Germany. ) 

Accurate methods of water flow measurement are important on account of 
their bearing on the construction of turbines and pumps and in connection with 
power stations. In Germany the propeller current meter, which has now been 
developed to a high degree of technical perfection, is preferred. In America, 
however, the accuracy of this type of apparatus has been doubted. The author 
has therefore made a complete theoretical and practical investigation of the 
fundamental principles of the propeller meter. The comprehensive literature 
available is critically reviewed and new experimental work, hitherto unpublished, 
by various experimental institutes is supplemented by the author's own experi- 
ments. It is confirmed that the apparatus satisfies the highest requirements 
as regards accuracy and the American assertions are entirely contradicted. 


Electro-magnetic Vibrators for Time Marks and Recorder Drives on Aircra(/t. (W. 
Krumnow, Z.V.D.1., Vol. 81, No. 32, 7/8/37, pp. 943-5.) (47/44 Germany.) 

The vibrator consists of a combination of spring and inertia mass, characterised 
by the fact that the period is practically independent of temperature and variation 
in supply voltage, as well as of any acceleration to which the whole instrument 
may be subjected (up to 6g). 

Impulses up to 200 sec. are given, the power consumption being of the order 
of 1 watt (weight of vibrator 100 gm.). 

Special lightweight motors have been designed to run at various steady speeds 
under vibrator control for operating recorder drums, etc. The power consumption 
for the complete unit is 4 w. and the weight 350 gm. 

It is possible to synchronise several motors with one vibrator. 


Tests on a New D.V.L. Recorder for the Water Pressure on the [ull of a 
Seaplane. (Luftwissen, Vol. 4, No. 7, July, 1937, pp. 220-221.) (47/45 
Germany.) 

In the new model the diaphragm is machined out of the solid and screwed into 
position instead of being soldered as before. In this way it can be assured that 
the diaphragm is flush with the bottom of the hull where the pressure is to be 


re@rded. The actual record is by the scratch method as before. The natural 
period of the new diaphragm is 1500 sec. in air and 1000 sec. in wate! 
Details of 27 landings on smooth water with a flat bottomed boat are given. 


The pressures were recorded 50 cm. in front of the step and the maxima varied 
between 1.2 and 3.9 kg./cm.* 

These pressures are considerably higher than those previously recorded. Part of 
this increase is probably due to the fact that the area of the new diaphragm is 
smaller than that of the old model (20 cm.? against 30 cm.?). According to the 
theory of Wagner the peaks of the impact blows are localised over a small area 
of the hull so that the actual size of the diaphragm used affects the results. 
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Flight Analyser. (Inter. Avia., No. 467, 4/9/37, P- 4-) (47/46 U.S.A.) 

The flight analyser records the altitude of the aircraft as well as the time during 
which the automatic pilot has been in use. Every telephonic communication 
between the plane and the ground station is also recorded. (Number of calls and 
time of each call.) The instrument weighs 3 lb. and the clockwork runs for 
eight hours. 

Sixty of these analysers have been installed in transport planes of the United 
Airlines. The object is to ensure that regulations as to minimum altitude and 
maximum rate of descent are adhered to. 

From records obtained so far it appears that the automatic pilot is in control 
during 85-90 per cent. of the total flying time. 


Creep of Non-Ferrous Metals and Alloys. A Review of Published Information. 
(W. A. Baker, Research Dept. R.R.A. 449 of the British Non-Ferrous 
Metals Research Association, London, 1937.) (47/47 Great Britain.) 

The available published information relating to the creep characteristics of 
non-ferrous metals and alloys is summarised. The data presented have been 
selected critically and include information on copper and copper alloys, nickel 
alloys, aluminium and aluminium alloys and lead. Numerical values are set out 
in tabular form together with compositions of materials; each table is followed 
by a list of papers on which the data are based, with a note on the contents of 
each paper. There is an index to all the metals and alloys mentioned. 


Measurement of the Elastic Constants of Solid Bodies by Means of Supersonic 
Waves. (L. Bergmann, Z.V.D.1., Vol. 81, No. 30, 24/7/1937, pp. 878-882. ) 
(47/48 Germany.) 

A new optical method, which enables the elastic properties of both crystalline, 
and transparent and opaque isotropic bodies to be determined, is based on the 
fact that passage of a supersonic wave through a liquid or solid substance is 
accompanied by diffraction of light. The method is superior to the old mechanical 
methods in simplicity and accuracy. Its main advantage is that all the elastic 
constants can be determined on the same specimen. No special requirements are 
placed on the latter as regards external form. The method is also free from 
errors due to elastic lag which is known to affect the results of static tests in 
many cases. 

The Behaviour of Thin-Wall Monocoque Cylinders under Torsional Vibration. 
(R. E. Pekelsma, N.A.C.A. Tech. Note No. 607, August, 1937.) (47/49 
U.S.A.) 


Curves of forced frequency against amplitude are presented for the conditions 
where the forced frequency is both increased and decreased into the resonant 
range. On the basis of these curves it is shown that the practical resonance 
frequency is the point where wrinkling first occurs and that the resonance 
frequency will be subject to considerable travel once permanent wrinkles appear 
in the vibrating shell. The decreasing mode of striking resonance is found to be 
by far the most destructive condition. 


On Beams Resting on an Elastic Base. (K. Marguerre, Z.A.M.M., Vol. 17, 
No. 4, August, 1937, pp. 224-31.) (47/50 Germany.) 

The paper deals with an infinite thin elastic plate uniformly loaded along a 
straight line (plane strain) and resting on a non-rigid soil. The soil is supposed 
to be either *‘ strictly elastic ’’ (Hooke’s law) or ‘* yielding ’’ (vertical displace- 
ment proportional to normal pressure). In both cases, the author determines the 
maxima of the vertical displacement, the flexural stress and the normal pressure 
between plate and soil, and shows that the pressure diminishes periodically as 
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the distance from the loaded line increases, the diminution being more r: pid in 
the case of strictly elastic soil. 


On the Buckling of Beams by Longitudinal Forces. (O. Blumenthal, Z.A.M.M.,, 
Vol. 17, No. 4, August, 1937, pp. 232-44.) (47/51 Germany.) 

Vianello’s process of itegration for finding the coefficient of safety against 
buckling of a beam charged by any system of longitudinal forces, may lead to 
faulty results owing to unexpected forms of the bending line. This is shown by 
examples. On the other hand, the theory of integral equations furnishes criteria 
proving that in a large number of cases Vianello’s method may be applied safely, 


The Standard Atmosphere. (German Specification D.I.N. 5450.) (47/52. 
This is a new edition of a previous pamphlet and gives the atmospheric condi- 
tions up to 20 km. in agreement with the C.I.N.A. specification. 
Fundamental assumptions :— 
Pressure on the ground p, ... sisi ... = 760 mm. mercury. 
= 4.093 /eni.?. 
= mb: 
Temperature on the ground to density y, .... = 15°C. 
= 1.2255 kg./m.*. 
10092407 ke... 
Temperature drop ‘‘a’’ for H S11 km. ... = 6.5°C. per km. 
Temperature drop above 11 km. p 5.5 km. = o (t=const. = —56.3°C.). 
= 378.7 mm. mercury. 
= app. 4 ground pressure. 
The atmospheric constants at intermediate heights are given in tables and 
curves. 


The Distribution of Electricity in Thunder Clouds. (G. Simpson and F. J. Scrase, 
Proc. Roy. Soc., Ser. A, Vol. 161, No. 906, 3/8/37, pp. 309-52.) (47/53 
Great Britain.) 

A method of obtaining records of the sign of the potential gradient at different 
heights in thunder clouds is described. The apparatus, which is carried by a 
sounding balloon, depends for its action on the fact that the potential gradient is 
often strong enough to cause a point discharge current in a suitably exposed 
conductor; the direction of the current is recorded by a pole finding device. 

The results show that, in general, a thunder cloud has a positive charge in 
the upper layers, a negative charge in the lower part and very frequently a 
region of positive charge in the base. This lower region of positive charge is 
usually found in the neighbourhood of the active centre of a storm and is associated 
with heavy rain, which is nearly always positively charged. The region of 
separation of the upper positive charge and the negative charge occurs at levels 
where the temperature is well below freezing point, and for this reason it is con- 
sidered that the generation of the upper charge depends on the presence of ice 
crystals and not on the presence of water drops. The position of the lower 
positive charge supports the idea that it is generated by the ‘‘ breaking drop” 
process. 


Devices for Fighting Fires. (Nature, Vol. 140, No. 3,537, 14/8/37, p- 271.) 
(47/54 France.) 
In connection with the recent High Tension Conference (Paris, June, 1937) the 
relative merits of fire-fighting equipment were discussed. 
In the case of fires originating in electric power plants it is important that 
the material used should be a bad conductor of electricity. Carbon tetrachloride, 
methyl bromide and carbonic acid snow are recommended. In the case of the 
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first two, poisonous decomposition products are liable to be given off, so that gas 
masks must be provided. CO, snow is safe to the personnel, but the risk of 
re-ignition is serious. 

It is essential that the receptacles containing fire resisting blankets, masks, 
etc., be provided with windows to ensure that the contents have not been borrowed 
for other purposes. 


A Method for the Numerical or Mechanical Solution of Certain Types of Partial 
Differential Equations. (D. R. Hartree and J. R. Womersley, Proc. Roy. 
Soc., Ser. A, Vol. 161, No. 906, 3/8/1937, pp. 353-66.) (47/55 Great 
Britain. ) 

The method here considered for evaluating the solutions of partial differential 
equations consists in approximating by use of finite intervals in one variable, 
and integrating exactly in the other variable, and later correcting for the leading 
term of the error introduced by the use of finite intervals. ‘The method depends 
on the form of the boundary conditions which must be specified on an open, not 
a closed, boundary. The process of correction for the error introduced by the 
use of finite intervals is investigated, and it is shown that with certain forms of 
boundary conditions, including those which are most likely to arise in practical 
application, this process eliminates not only the leading term in the error, but 
the next term also, leaving a residual error of the order of the fourth power of 
the interval. 

The feasibility of the method, and the order of magnitude of the error, have 
been examined by a numerical application of the method to an equation which has 
a formal solution that can be evaluated easily ; the results are very satisfactory. 

Solution of partial differential equations by this method appears to be a very 
suitable field for application of mechanical means of integrating differential 
equations, such as the differential analyser. 


An Electrical Apparatus for Solving Systems of Linear Equations. (H. Bode, 
Z.A.M.M., Vol. 17, No. 4, August, 1937, pp. 213-223.) (47/56 Germany.) 
The system to be solved is supposed to be symmetrica!. The equations are 
represented by a network of reactances. The values of the reactances are made 
proportional to the coefficients of the equations. To each of the junction points 
in succession is supplied a high frequency current of given intensity, and the 
voltages of all junction points referred to a zero point are measured. The solu- 
tions of the equations are then found by an easy calculation. 


Theory of Heat Exchange and Flow Resistance at High Velocities. (M. 
Schirokow, Techn. Phys., U.S.S.R., Vol. 3, 1936, pp. 956-72. From 
Z. Mech., Vol. 6, No. 1, 20/7/37, p. 48.) (47/57 U.S.S.R.) 

The Karman-Latzko method is generalised for the case of a velocity comparable 
with that of sound. A differential equation for the heat transfer in a cylindrical 
tube is established, namely, 

wpc, (OT /dZ) = (1/7) (0/dr) (rAOT 

(where r=distance from the axis of the tube, Z=distance along the axis of 
the tube, w=velocity, p=density, X=‘ turbulent heat conductivity number,”’ 
T=6+ Aw?/2c,=‘* impact temperature,’? §=temperature). This equation is 
integrated by neglecting the compressibility (p=const.) and making use of certain 
functions determined by Karman, using Latzko’s method. Integration leads to 
a relationship between the mean value of the heat transfer coefficient and the 
friction. The results are compared with experiment and the effects of the length 
of inflow and of compressibility are discussed. 
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Notes on the Singing Propeller. (E. G. Richardson, Engineering, No. 
13/8/37, pp. 170/1.) (47/58 Great Britain.) 


> 


Reference is made to a paper by H. Hunter before the N.E.C. Institution of 
Engineers and Shipbuilders (12/2/37) where cases of singing propellers are 
described. 

It has been suggested that the singing is due to the collapse of bubbles of air 
driven out of solution by the thrust of the propeller. 

The author is of the opinion that we are dealing here with ‘* relaxation oscilla- 
tions ’’ of the propeller blade, the excitation being brought about either by the 
vortices shed from the blade or by disturbance upstream. The sound is thus 
somewhat similar to the so-called wolian tones and additional weight is given to 
this explanation by a model experiment. 


Noise from Propellers with Symmetrical Sections at Zero Blade Angle. (A. F. 
Deming, N.A.C.A. Tech. Note 605, July, 1937.) (47/59 U.S.A.) 

A theory is deduced for the ‘‘ rotation noise ’’ from a propeller with blades of 
symmetrical section about the chord line and set at zero blade angle. This theory 
gives the sound pressure without appreciable error for the fundamental, and fairly 
satisfactory results for the second harmonic, in the case of a two-blade arrange- 
ment, provided that the wave lengths are large compared with the blade lengths. 

With the aid of experimental data an empirical relationship has been deduced 
which permits calculation of higher harmonics. The measured and calculated 
values for sound pressure for the fundamental and second harmonic of a four-blade 
arrangement have been compared, thereby indicating the general applicability of 


the theory. The effect of blade thickness in producing noise is negligible except 
at very low angles of attack. The theoretical equation gives the shape of the 


polar distribution of rotation noise for the first four harmonics fairly well in the 
speed range used. 


High Current Electron Gun for Projection Kinescopes. (R. R. Law, Proce. Inst. 
Radio Eng., Vol. 25, No. 8, Aug., 1937, pp. 954-76.) (47/60 U.S.A.) 

A new electron tube is described, delivering about 1.5 ma. at the cathode 
(0.4 ma. in the beam). The acceleration potential is 10,000 v. and the resulting 
picture (2 x 14in.) is characterised by extreme brilliance, so that it can be projected 
by means of a lens on a screen. The standard size of the final picture is 18 x 24In., 
but during a demonstration by the Radio Corporation of America, enlargements 
up to 8x11 feet were successfully carried out. 
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REVIEWS. 


HypRO- AND AERODYNAMICS. 
By S. L. Green, M.Sc. Published by Sir Isaac Pitman & Sons, Ltd. 
Price 12s. 6d. 

This book is based on courses of lectures given at Queen Mary College by the 
author and is intended as an introduction to the theory of the motion of fluids for 
the use of students of aeronautics and also for those whose interests are principally 
mathematical. It assumes a good knowledge of mathematics on the part of its 
readers. 

The first chapter is concerned with equations of motion and the author proceeds 
to consider two-dimensional motion, conformal transformation, flow and circu- 
lation, vortex motion, wave motion, motion of viscous fluids, and, finally, flow 
at high Reynolds numbers. The approach to these subjects is entirely mathe- 
matical. 

The value of a book of this kind is that it brings together conveniently the 
classical hydrodynamics as exemplified by Sir Horace Lamb’s work, with the 
more recent development of aerodynamic theory, and explains the methods adopted 
to solve problems which arise in connection with actual fluids, when the com- 
plications caused by viscosity must be considered. 

The book itself is excellent for its purpose, as would be expected from an 
author with the lecturing experience of Mr. Green. 


THE XI [rH INTERNATIONAL CONGRESS OF ACETYLENE OXY-ACETYLENE WELDING AND 
\LLIED INDUSTRIES, LONDON, 1936, PROCEEDINGS. 

This publication, in six volumes, contains the papers read before this Congress. 
They deal with almost all aspects of oxy-acetylene welding, but many of them 
discuss matters which pertain principally to the heavy industries and which have 
no immediate interest to those engaged in aeronautics. 

Some of the papers have a bearing on light welding with a possible application 
to the welding of aircraft details, and it is these only which are referred to here. 

In Vol. I there is a paper by Hans Melhardt on Co-ordination of Welding 
Methods and the Training of Welders, in which the question of systematic training 
is considered and the factors influencing good welding are analysed. Vol. II 
is concerned with the scientific side and contains several papers on mechanical 
properties of welds, shrinkages, welding stresses, repeated stresses, plastic-elastic 
equilibrium, creep limit, ete. 

Vol. III has papers dealing with Widmanstaetten structure in welds, corrosion, 
chemical heterogeneity weldability of steels, influence of nitrogen, alloying 
elements in welding rods, etc. Vol. IV discusses training of welders, high speed 
welding, welding of aluminium bronzes, and has several papers dealing with 
generators. 

Vol. V has papers on jointing of light gauge copper tubes, case hardening of 
steel by means of the acetylene flame, metal spraying of copper, etc. Vol. VI 
is principally concerned with the application of welding to railways. 

The papers are all written by authorities on their particular subjects and have 
been translated into English when the originals are in a foreign language. As a 
whole they present the present position of oxy-acetylene welding in industry with 
a detailed study of many of its uses. : 
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GRUNDLAGEN DER FLUGZEUGNAVIGATION. 
By W. Immler. Oldenbourg, 1937. R.M.12. 
This book describes the various methods of navigation very thoroughly, 
Section A is typical. The form of the earth and maps are described on pages 


10-19, where an amazing quantity of information is compressed into the space bf 


10 pages. 

Theory and practice are well combined in the description of compasses and 
instruments. Every pilot would be well advised to read this chapter. The same 
applies to the account of the C.D.C. and drift indicator. So the text carries 
on, past rhumb lines and great circles to the measurement of wind and speed. 
The method of working out the airspeed given on pp. 73-74 should be useful 
to test pilots. 

In the account of terrestrial navigation, obvious but important principles are 
given in thick type: e.g., ‘‘ Eine Ortung wird am so besser, je mehr sich der 
Schnittwinkel zwischen den Standlinien einem Rechten nahert.’’ 

The book will probably be judged by the treatment of astronomical navigation, 
And here the description of theory and of working-out of sights is also thorough 
and sound. The short methods are adequately described. Only a brief and 
modest mention is made on p. 121 of the author’s ‘‘ Aeronautische Rechentafeln.” 

The style is rather too condensed for a first reading of the subject. For this, 
‘* Avigation ’’ by Bradley Jones (given on p. 172 as Bradley, J.) is better. 
But the navigator who thought he knew everything will benefit from enlig¢hten- 
ment by Professor W. Immler’s useful book, and will find valuable references for 
further reading on pages 172-175. 


Ar NAVIGATION. (British Empire Edition.) 
By Lieut.-Commander P. V. H. Weems. McGraw-Hill. 30/-. 1937. 
This book covers the whole field of navigation in a very thorough manner. 
Other books may be more suitable for a first reading. But Weems’s ‘‘ Air 


Navigation ’’ will remain the standard work on the subject for many years to 
come. 

Many subjects, omitted from other books, are dealt with in detail. These 
include Blind Landing systems and navigational instruments. The book also 


includes a chapter on Meteorology by Dr. Sverre Petterssen. The treatment of 
this vital subject has been rather inadequate in other books on navigation. 

Safety and regularity, so dependent on the weather, are essential for the success 
of air transport. For this reason every pilot should know considerably more about 
meteorology than the 100 pages of this chapter, excellent though they are. A 
comprehensive account of ice formation, instead of merely three pages, would 
have been worth the extra space. Accidents and cancellations are due to ice and 
OBI, not to some unknown coefficient of compass deviation. 

It was only to be expected that Weems would deal very thoroughly with celestial 
navigation. The author has taken great trouble to explain the method of taking 
and computing sights. He also gives an excellent description of the short 
methods, including his own method of star curves. The recent developments of 
ocean flying by Imperial and Pan-American Airways have encouraged the publica- 
tion of special tables for air use. These will shortly be ready, and then we may 
hope for a revised edition of Weems, for, to judge by its success, the first edition 
should soon be out of print. 


THE DESIGN AND CONSTRUCTION OF FLYING MODEL AIRCRAFT. 
By B. A. Russell. Published by Harborough Publishing Co. Price 5/-. 
model 


This book is intended to be a treatise on the design and construction o 


aeroplanes driven by rubber motors or small petrol engines. It has two main 
divisions, practical construction and aerodynamical. 
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The practical construction part of the work is excellent, and reveals Mr. 
Russe! as an excellent and painstaking workman who is always ready with an 
ingenious expedient for overcoming difficulties. This part of the work is well 
illustrated and contains information which will be of great interest to model 
builders. The weight of a modern petrol-driven model may be 15 lbs. or more, 
and it is clear that the design of such a machine, which naturally has to land by 
itself, must be carried out carefully if every landing is not to be followed by a 
bad smash. 

The aerodynamical side of the work consists largely of a mass of incorrect 
statements. The author relies on a sine cosine formula for the lift of a flat plate, 
ignoring shape. He is capable of giving a formula for the static thrust of an 
airscrew which contains no term for the diameter, and is unable to make up his 
mind whether the density of air in slugs is .002378 or .2378. Such errors can 
be found on almost every page. 


CORRESPONDENCE. 
TREND OF AIR-COOLED AERO ENGINES—THE NEXT FIVE YEaRs. 
To the Editor of the JouRNAL OF THE RoyaL AERONAUTICAL Society. 


Dear Sir,—I have read in the August Journal Mr. Fedden’s very interesting 
paper, which will be valued by every engineer concerned with the development 
of aero engines as an excellent guide for the period covered. 

I am sure you will kindly excuse my frankness if I disagree with one point, 
i.e., Mr. Fedden’s criticism of the 12-cylinder inverted Vee engine. 

Flattering as it is to have our Sagitta engine selected as the representative of 
this type, the particulars given are used to prove the disadvantages of this layout. 
These particulars are as published for the last Paris Aero Exhibition, but at that 
time the Sagitta was an entirely new and untested type, and the data published 
were quoted with the utmost prudence. 

To-day the Sagitta is a thoroughly tested type, which has been submitted to 
the international civil type test, and to the military type test of 100 hours on the 
same conditions as usual in England. ‘These tests have been supplemented by a 
100 hours development test carried out at 570 b.h.p. ground level power. 

On both of these type tests the following outputs have been established, using 
87 octane fuel :— 

International Rating. 


550 b.h.p. at 2,500 r.p.m. at 1,400 metres. 


Maximum Output. 
580 b.h.p. at 2,600 r.p.m. at 1,700 metres. 
Weights less airscrew hub :— 
Direct drive 3600 kgs. (794lbs.). 
Geared drive ... 375 kgs. (827Ibs.). 

From this it will be seen that for the maximum output of 580 h.p. the weight 
is only 1.4lbs. per b.h.p. instead of the 1.81!bs. per b.h.p. quoted in Mr. Fedden’s 
paper. 

I would like to emphasise that with this performance the Sagitta engine has the 
same standard of reliability as, for instance, the ‘‘ Bristol ’’ Pegasus engine; 
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actually we took the reliability and durability of 
example and standard for our smaller engines. 


Bristol ’’ engines as an 


These performances are, however, not the last word in the development of this 
type because already we are obtaining 650 h.p. without difficulty and without 
abnormal cylinder temperatures. | believe that the 12-cylinder inverted Vee engine 
is sure of a future for engine sizes up to 20 litres capacity, and, with the excellent 
figure of 1.4lbs. per b.h.p. already achieved, this ty pe will become of importance 
within the next five years as developments on this new type will be more rapid 
than on the traditional thoroughly elaborated and tested types. 


I take the liberty of asking you to be good enough to publish this additional 
information, in order that the interests of my Company are not prejudiced by 
deductions based upon data which are now obsolete. Mz iy I also ask permission 
to publish a translation of Mr. Fedden’s paper in the Czechoslovak Aeronautical 
Reviews. 

Yours truly, 
(Sgd.) Ing. TENY KumpERA, 
Managing Director, A. S. Walter, Praha. 


Dear Sir,—I was very interested in the latest performance data of the Sagitta 
engine, and must congratulate Mr. Kumpera on the excellent figures he has 
obtained. 

I still feel, however, that the in-line type of engine is bound to be heavier than 
the single-bank radial, and in this connection would refer him to Fig. 6 in my 
lecture, from which it will be observed that even at 580 b.h.p. for 375 kilograms 
(’.e., 830 lbs.) the Sagitta engine has a slightly greater specific weight than the 
single-bank radial, despite the fact that this engine is a moderately supercharged 
type, whereas the curves in the figure are based on the altitude performance of 
fully supercharged engines. 

There are, of course, definite applicaticns for the 12-cylinder Vee engine in the 
medium powered classes, and the popularity of this type is sufficient evidence of 
its efficiency in these applications. However, when considering the very high 
speed multi-engined machine, I think he will agree with me that weight and 
wetted surface of the nacelle (as opposed to overall diameter) become primary 
considerations, and so far as these factors are concerned, the radial layout still 
has an advantage. 

Yours faithfully, 
A. H. R. FrEppey. 
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The 620th Lecture read before the Royal Aeronautical Society since 
its foundation on January 12th, 1866. 


PROCEEDINGS. 


A mecting of the Royal Aeronautical Society was held on Thursday, April 8th, 
in the Lecture Hall of the Royal Society of Arts, when a paper by A. G. 
Pugsley was read on Control Surface and W ing Stability Problems. In the Chair, 
The President, Mr. H. E. Wimperis. 

The PRESIDENT: The paper by Mr. Pugsley was on a highly complex but very 
important subject, but he had, as those who had looked at the proof would realise, 
endeavoured to compress it into a very small space. Mr. Pugsley was not as well 
known to the Society as he ought to be, but that would be remedied, he hoped, 
in due course. During the last five years he had been on the staff of the Royal 
Aircraft Establishment at Farnborough, where the speaker had watched his work 
and had realised quite early that he was a man of exceptional capacity for ex- 
pressing in simple language the basis of complicated phenomena, and therefore the 
subject he had taken that evening was one for which he was the right man in 
the right place. 


CONTROL SURFACE AND WING STABILITY PROBLEMS. 
By A. G. 


SUMMARY. 

This paper seeks to draw from current research work on flutter and related problems 
results of general design significance; and, avoiding mathematics, endeavours to set these 
results out in relation to past and present problems. 

A preliminary section of the paper indicates the main stability and allied troubles con- 
cerned and draws attention to the general similarity between wings and tailplanes in relation 
to these troubles. The remainder of the paper is then devoted to a discussion of the problems 
involved in terms of wings and ailerons. 

For this purpose a “‘ stiffness diagram ’’ is constructed for a typical wing, indicating 
the relative stiffnesses, etc., required to prevent wing-aileron flutter, wing flutter, aileron 
reversal, and wing divergence. By means of this diagram the course of recent history in 
relation to wing-aileron flutter and aileron reversal is illustrated, and attention is then 
given to present and future tendencies and problems. The current tendency to employ wings 
of high density—arisingly largely from high wing loadings—is making wing flutter the 
problem of immediate importance, and ways of avoiding the provision of increased stiffness 
as usually adopted to prevent this trouble, as well as to prevent aileron reversal and wing 
divergence, are discussed. 

Appendices are given commenting on the variation of wing flutter speed with altitude 
and on the modern tendency to use wings of low flexural stiffness, 


$1. INTRODUCTION. 


Problems arising from flutter and allied troubles have now been the subject 
of research in this country for some ten years; but it is only recently that they 
have become of general concern to designers. When the subject was last 
discussed before this Societvy—in 1933 (1)—the fitting of lumps of lead to ailerons 
was still a matter for jocular remark. But since then stiffness questions have 
become something to reckon with, and the subject has entered a period of rapid 
development from the design standpoint. 

As a result, current research work on flutter and related problems is now as 
remarkable for its widespread distribution as for its volume; and extensive 
experimental and mathematical work is now being published by Japan, Italy, 
Germany, and America, as well as by this country. In these circumstances I 
have found it very difficult to decide upon what branches of the subject I could 
best touch in this lecture. However, I have chosen, so far as I can, to look 
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at current problems from the designer’s standpoint; and, avoiding the mathe. 
matics with which my subject is commonly surrounded, have sought to dray 
from present-day research results of general design significance. 

In attempting this | havé found myself necessarily entering upon controyersig 
round—and entering it in places armed only with the roughest of data. By 
feel that the design side of the subject is of such interest now that little 
apology is needed for any of my statements that the future may prove to } 
wrong. 


I 


$2. SIMILARITIES BETWEEN WING AND TAILPLANE PROBLEMS. 


The aero-elastic problems we have to consider are at present commonh 
associated with wings and ailerons; and on this account it is proposed to discus 
them largely in relation to these surfaces. But before entering upon. this 


discussion it appears desirable to draw attention to the relation of wing problems 
to tailplanes and elevators. 


AILERONS INTER-CONNECTED 
STIFF CONTROL CIROGUIT. 


ELEVATORS INTER-CONNECTED 
BY SPAR ATTACHMENTS. 


4. 


A reference to Fig. 1, which is a plan view of a typical modern monoplane, 
will remind us how similar in general form wings and tailplanes are now 
becoming ; how the ailerons, connected by a stiff control circuit, are, apart from 


the freedom of the control column, comparable with the interconnected elevators; 


and it will be wondered how far the troubles of wings are, or may be, the troubles 
of tailplanes. 


Now the main instability and related troubles that concern us with wings 
and ailerons are :— 


(1) Wing-aileron flutter, 

(2) Reversal of aileron control, 
(3) Wing flutter, 

(4) Wing divergence. 


Of these the first has in the past few years been successfully avoided by aileron 


massbalancing, later combined with high standards of contro! circuit stiffness at 


aileron torsional stiffness. The corresponding trouble on the tailplane syste! 


which was one of the first instability problems to be encountered full scale, was 


cured by elevator interconnection, recently more closely specified as regar 


stiffness. The second trouble has so far not appeared in any tailplane system, but 


in theory reversal of elevator contro! due to tailplane twisting is obviously possiDdi 
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Present immunity from such reversal is probably due partly to the greater 
influence of minimum gauges in modern tailplane structures, partly to the 
relatively large dimensions of elevators and partly to the low aspect ratios 
habitually used (until recently) for tailplanes. These advantages may disappear in 
the future with fast large aeroplanes, and it may become desirable for this and 
other reasons to increase the stiffness of tailplanes. In this connection it seems 
that the tailplane thickness/chord ratios which we appear to have inherited from 
earlier biplane days might well be increased somewhat. 

Of the other troubles mentioned—flutter and divergence—the latter was 
experienced in the days of movable tailplanes, but flutter of a tailplane itself is 
unknown. 

Enough has been said to illustrate my point regarding the similarity of wings 
and tailplanes. The main problems of the one are, or may be, problems of the 
other; and any conclusions we may subsequently draw for wings and ailerons 
will apply, qualitatively at least, to tailplane systems as well. 

§3. CONSTRUCTION OF STIFFNESS DIAGRAM. 

Turning now specifically to wings and ailerons, it is proposed at the outset to 
uild up a diagram to serve as a guide to their principal instability and related 
problems. 

In order to simplify matters it will be assumed that the critical speeds to be 
discussed are indicated speeds and that on these the influence of altitude and of 
lexural stiffness may be neglected.'| This step involves no inaccuracy where 

ileron reversal and wing divergence are concerned, though it may lead to a 
ttle error in wing flutter questions and to further inaccuracy as regards the 
jutter of wing-aileron systems. With the approximate nature of these simplifying 
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assumptions in mind, however, we will proceed to the construction of oy, — an 
stiffness diagram. aile 
As a foundation, consider the early form of diagram shown in Fig. 2, which — st 
refers to wings with un-massbalanced ailerons. On this diagram, which was , 
first used by Dr. Roxbee Cox (2) for discussing wing-aileron flutter and is now 2° 
no doubt familiar to many, the ordinates represent the wing torsional stiffness poil 
criterion Fro 
(1/V) (mg/psc?), cha 
where V=maximum diving speed of aeroplane, ‘ull 
mg=torsional stiffness of wing measured at its mid-aileron section, : 
p=air density, fut 
s=distance from wing root to wing tip, viel 
>=mean chord of wing. 
The form of this criterion differs a little from that used by Cox, and is chosen re 
to render it at once non-dimensional and conveniently related theoretically to - 
reversal and divergence speed formula. The abscissa of the diagram represent = 
wing density, measured by the average wing structure? weight per unit ares i 
divided by the wing mean chord. On this diagram a particular wing would be el 
represented by a single point, its co-ordinates corresponding to the appropriate vo 
wing criterion and density values. If this characteristic point is above the = 
dotted curve, as at P, wing-aileron flutter is unlikely; if it is below, as at Q, bag 
the reverse is the case. Thus the dotted curve, which is based on one given in a 
R. and M. 1505 (2), is a boundary between safe and unsafe areas as regards a 
wing-aileron flutter (for ailerons which are not massbalanced). This diagram, of { 
then, is just a modified form of one of the early wing-aileron flutter diagrams: dia 
1-00 
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FIG. 3. 


2 The effect of non-structural masses is for convenience neglected in constructing the typical 
diagrams of this paper; no cases are known in practice where their effect on flutter 
speed, if adverse, has been thought likely to exceed 20 per cent. 
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and since wing-aileron flutter has of recent years been successfully prevented by 
aileron massbalancing, in the form given in Fig. 2, our diagram is primarily of 
historic interest only. 

But it is proposed now to draw another curve on the same picture to represent 
a similar boundary between safe and unsafe areas, but this time from the stand- 
point of flutter of the wing itself, irrespective of the presence of the ailerons. 
From recent research, this can now be done for a conventional wing without much 
chance of serious error, and the resulting diagram is given in Fig. 3. The 
juli line curve is the estimated new boundary for a typical fast monoplane, and 
it will be seen that, following the indications of Kiissner’s now well knowa 
jutter speed formula (3),* the curve corresponds approximately to a square root 
law between the criterion and wing density. The departure from this law at 
the root of the curve is due to the fact that for a given wing of fixed proportions 
flutter is impossible for wing densities below a certain critical value; and the 
departure at the upper end of the curve is due to the tendency for wing flutter 
speeds to become independent of wing density as high densities are reached. The 
interpretation of this new curve is similar to that described for the older dotted 
curve. A wing having a characteristic point at Q, though dependent on its 
aileron massbalancing for the avoidance of wing aileron flutter, should be free 
from wing flutter; whilst a wing with a characteristic point at R may suffer from 
wing flutter. The actual likelihood of flutter or otherwise will of course depend 
to some extent upon the way in which the detailed properties of the wing vary 
from the average adopted. 

Having thus obtained in Fig. 3 a diagram upon which to base our consideration 
of utter problems, it is proposed to extend its usefulness by adding to the same 
diagram two more boundary curves to deal similarly with aileron reversal and 
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wing divergence respectively. As both of these critical conditions are indepen. ihe t 
dent of wing density, these new curves are simply horizontal lines on our pictyre§ on 
and are shown in Fig. 4. The upper horizontal line is a boundary separating{ Th 
an upper area free from reversal from a lower area susceptible thereto. o,f bega 
characteristic points rather below this line a wing and its aileron may also suffe; ff gene 
divergence as a combined system, and lower still pure wing divergence is met 4: § 1ecO% 


the dotted horizontal line. With this last line on Fig. 4 the stiffness diagram § spec 


is complete. 
ving 
$4. REVIEW oF Past PROBLEMS. proc’ 
It will be convenient first to use this diagram to review the course of recent = 
history and to illustrate our present position regarding wing instabilities. pd 
In the days before wing-aileron flutter was feared—say 1925—the averay: = 
wing density of such monoplanes as existed was of the order of 0.15 and 
characteristic point typical of that period would be A in Fig. 5. Du ing’ the 
period 1925-1930 speeds increased without much increase in wing loading: and 
in consequence without much change in wing density; thus by about 1928 th 
typical point had fallen from A to B and, being near the dotted curve, cases o| 
wing-aileron flutter began to arise. During the years immediately following 
aileron massbalancing gradually became general and successfully prevented this 
type of flutter, but by 1930 we had met another trouble at C on Fig. 5—our A 
typical point had drawn too close to the reversal of aileron control boundary, § Sf 
It then became necessary to consider wing stiffness more seriously than before; Je 
and during the period 1930 to 1935 calculations of the stiffness required to avoid 
aileron reversal were made and as a result the typical characteristic point never J ‘s. 


fell below the horizontal reversal boundary. Nevertheless, owing largely to an H 
increase of wing loading from about 10 to about 20 Ib./sq. ft. during this period, 
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ihe typical point moved along from C to D, its path keeping roughly horizontal 
on the diagram. 

The point D represents the position just as the current period of expansion 
egan, when wing flaps and still higher wing loadings started to come into 
general use. About this time it was realised, largely on account of an increasing 
recognition of the design usefulness of Kiissner’s formula (3) for wing flutter 
speeds, that if we continued with our increasing wind densities along the line CD 
ye should be running into new flutter troubles as we approached the full line 
ring flutter boundary curve. At the same time it was appreciated that by 
proceeding in the direction CD we were ‘‘ boring ”’ further and further into the 
ying-aileron flutter region bounded by the original dotted curve, and so relying 
more and more upon our aileron massbalancing. In accordance with these 
onsiderations :— 

(a) Aileron’ control circuit stiffnesses and aileron torsional stiffnesses 
have been increased ; 

(b) Greater care is being taken with the disposition of aileron mass 
balance weights ; 

(c) Experiments on the use of irreversible aileron controls have been put 
in hand, and consideration is being given to alternative forms of 
lateral control. 

As a result of (a), (b) and (c), coupled with the natural increase of torsional 
aifiness resulting from the duralumin and plywood coverings now commonly in 
use, Our typical point has for the present safely arrived at FE on Fig. 5. 


;. POSSIBLE COURSES OF ACTION FOR THE FUTURE. 

Having thus, with the aid of our diagram, reviewed the course of recent history, 
et us consider what can be done in the future. Are we to plod on heavily up the 
tifness gradient indicated by EF, on Fig. 6? Or to save the extra weight 
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involved are we to find some practical means of cutting across the wine flutte; 
boundary and follow some such path as EF,? Or can we proceed still lower jp 
the diagram, passing through the aileron reversal and wing divergence lines? 

In the first place it seems reasonable to assume that, having regard to the 
rapid increase of drag with approach to the speed of sound, the maximum diving 
speeds to be provided for during the next few years will not materially exceed 
the present specified limit of 450 A.S.I. Thus on this account no new difficult 
should arise. The most important effects will probably result from the high 
‘ving loadings likely to be adopted in the near future, for these will cause a rapid 
increase of wing density and move our typical characteristic point from E to 
somewhere close to the right hand side of our diagram. With this large increase 
in wing density imminent, let us consider the possible courses of action. Shall 
we increase our present wing stiffness standards so as to move from along 
the wing flutter boundary to F,, or shall we struggle to remove any probability 
of wing flutter (as we have dealt in the past with wing-aileron flutter) and 0 
permit our typical point to return close to the reversal boundary and _ proceed 
along it to F,? Or, to go further, can we so modify our conventional wing. 
aileron system as to permit of crossing the old reversal boundary and proceeding 
on down towards the divergence region, following the curve EF,? Or can we 
go on again and cross the divergence line, following EF ,? 

$6. Before proceeding further with these interesting speculations, it is desirable 
to halt a moment and return to some hard practical considerations. If we 
assume that about 450 A.S.I. will remain the maximum flying speed for the near 
future and that either plywood or duralumin wing covering will generally be 
adopted for high speed machines, then the minimum convenient thicknesses for 
these coverings from the general manufacturing and structural standpoint will 
set lower limits to our torsional stiffness criteria. These lower limits are found 
empirically to correspond roughly to the two horizontal ‘‘ single track ”’ lines 
shown on Fig. 7—the upper one for duralumin covering and the lower one for 
plywood. It will be seen at once that what is worth doing for a plywood covered 
Wing is not necessarily worth doing for a duralumin covered one. And, reverting 
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to Fig. 6, whilst course EF, might be worth while for all wings, course EF, may 
prove to be fruitful on plywood or fabric covered wings only. 

But before we jump to these conclusions from Fig. 7, it should be noted that 
the ** track ’’ lines drawn are for present aspect ratios and thickness/chord ratios 
—say 7 and 15 per cent. respectively. Now for a skin-stressed wing it can be 
shown by reference to Kiissner’s formula that the wing flutter speed varies 
roughly inversely with aspect ratio and directly as the thickness/chord ratio— 
points of greater importance now than hitherto and ones to be remembered when 
aerodynamic enthusiasts argue for high aspect ratios and thin wing sections. [If 
we could only halve our aspect ratios or double our wing thicknesses discussion 
{future routes other than EF, on Fig. 6 would probably be waste of time. 

Assuming, however, that such changes are not at present practicable, let us 
consider first, as apparently generally desirable, the possibility of substituting 
course F’, in Fig. 6 for our present trend along EF,. 

$7, To follow this course, we have either to eliminate the likelihood of wing 
futter or to control its amplitude. Of the latter possibility little is known, 
though it is obviously linked with the question of artificial damping and sets one 
wondering about the possibility of ‘‘ flying through ”’ flutter speed ranges or 
even about the possible use of controlled wing flutter. It is known, however, 
that the likelihood of wing flutter can be rendered negligible by massbalancing 
the wing itself. This might be done artificially by adding weight in the wing 
leading edge or naturally by suitably arranging the wing engines or the wing 
structure. 

Considering first the artificial addition of weight, it is easy to show that to 
attain a massbalanced condition with the conventional type of monoplane wing 
it would be necessary to add at the leading edge weights amounting to about 
one-third of the wing weight. Taking as typical of the near future a wing weight 
of 6 lb./sq. ft., this corresponds to an increase of 2 lb./sq. ft. But at the expense 
of only half this increase we can at least double our minimum duralumin cover 
thicknesses and so raise the upper “‘ single track ’’ line of Fig. 7 to the ‘‘ double 
track ’’ line shown above it in the same diagram; and it will be clear from the 
magnitude of this change that an increase of torsional stiffness will for some time 
tocome be more economical of weight than artificial mass-balancing. 

Natural wing mass-balancing by a rearrangement of wing engine positions or 
of internal structure is more hopeful. Recent wing resonance tests have sug- 
gested that where wing engines are used it will commonly be possible so to 
place them (without raising overall C.G. difficulties) as to render the wings 
futter proof. The more we can learn on this point, therefore, the better, for 
with multiple engine machines it offers a direct way of avoiding the necessity 
for increased torsional stiffness. Unfortunately, the theoretical calculation of 
resonance modes for wings with wing engines is difficult and uncertain, so that 
the best method of attack appears to be a simple and direct experimental one 
with suitable model wings. 

On single engine machines, however, massbalancing can only be effected 
naturally by bringing the wing structure weight forward towards the wing flexural 
axis, Now as wing loadings rise, it may be possible to keep steady the structure 
weight behind the flexural axis—say at c.3 c—whilst the increased loading is met 
by additional structural weight on and ahead of the flexural axis. On this 
account it appears that in the future we may have more chance of natural wing 
massbalancing than hitherto; and a simple calculation suggests that when our 
wing densities reach or exceed unity we may be able without much inconvenience 
to make wings which are naturally massbalanced. 

It would appear from the foregoing that if the question of wing massbalancing 
is watched carefully during the next few vears—if we learn how best to place 
wing engines and how to bring the wing weight and elastic axes effectively 
together—we should be able to reach F, on Fig. 6 instead of F,; though the 
path by which we reach it may well be less economical than the course EF, 
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shown, and in some cases at least it may appear desirable to combine the stiffness 
necessary to reach F’, with the massbalancing required to permit of course EP. 


:8. If now the possibility of adopting the path Ff’, is considered—the attempt 
to do this on plywood or fabric covered wings certainly seems worth while—the 
problem of eliminating reversal of aileron control arises. Fundamentally. this 
calls for the use of a different type of lateral control (at least at high speeds), an 
essential feature of which should be the small wing twisting moments induced as 


compared with those due to conventional ailerons. Various alternative forms 
of lateral control are now being developed, but so far as I am aware on none 0 
these new types have the essential pitching moments yet been measured. The 
mere replacement of ailerons with slots or interceptors will not necessarily do— 
if the incidental wing pitching moments are not materially reduced we should ir 
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effect find ourselves troubled, for example, with reversal of slot control instead 
of aileron control. I would therefore urge those who may be experimenting on 
new forms of lateral control to measure the pitching moments involved. 

$9. Of the possible path EF, I have little to say. If in the future we find it 
possible to move down EF, and EF,, we should, I think, find little difficulty it 
approaching EF, by moving the wing flexural axis forward towards the quarter 
chord position. But the ‘‘ single track ’’ lines of Fig. 7 suggest that, apart perhaps 
from the case of gliders, there may be little practical need for this further exercise 
of aero-elastic ingenuity. 

This summary dismissal of route EF, may suggest, perhaps, that the questioa 
of pure wing divergence is unlikely to have much practical significance. In a 
direct sense this may be true, but indirectly at least it cannot be so, for funda- 
mentally the wing divergence speed holds a position in relation to wing stiffness 
and strength problems comparable with that held by the Euler critical load in strut 


theory. And just as the calculation of the Euler load is often a useful preliminary 
step in practical strut problems, so the calculation of the wing divergence speed 
may in due course prove a useful step in the consideration of other mor practicai 


conditions (4) (5) involving wing deformation, 
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CONCLUSION. 

gro. With the path EF, on Fig. 6 we appear to have reached the limit of 
possibl« practical needs. By that time, even if aerodynamic considerations still 
drive us to high aspect ratios and thin sections, we shall apparently be making 
aeroplanes capable of flying as fast as we wish without instability troubles—at 
least on this side of the speed of sound. And, if we look at Fig. 8,4 which shows 
the various axes positions for a bird’s wing—the flexural and inertia axes almost 
coincident and both ahead of the quarter chord—we shall see that our proposed 
methods for economically avoiding wing instability troubles are apparently only 
those adopted by nature long ago. 

$11. In conclusion, I wish to thank the Air Ministry for permission to give 
this lecture, in which the opinions expressed are, of course, my own; and at the 
same time I would like to acknowledge my general indebtedness to my colleagues 
and other workers in the same field of research. 


APPENDIX I. 
THE VARIATION OF WING FLUTTER SPEED WITH ALTITUDE. 

It is apparent from flutter theory and is generally appreciated that the flutter 
speed of a particular wing, whether viewed as a true or as an indicated speed, 
will in general vary with altitude. It is proposed in this Appendix to indicate 
briefly the nature and extent of this variation. 

Following the procedure used in the main body of this paper, it is convenient 
to consider the effect of altitude from the standpoint of indicated flutter speed. 
On this basis we have first to note that indicated flutter speed tends to fall with 
altitude, the rate of decrease depending somewhat on the size of the gap between 
the flexural and inertia axes and on the wing density. This reduction with altitude 
was shown by Williams in R. and \f1596 (7) and has since been demonstrated for 
atypical modern wing by Duncan and Miss Lyon (8). The curves of Fig. 9 have 
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been based on this more recent work and illustrate the decrease of indicated flutter 
speed with altitude. 

From these curves it appears that for a conventional wing of moderate wing 
density (say o.4lb./c.ft.) the-indicated nutter speed at 10,000ft., for example, js 
only some Io per cent. below that at ground level; whilst for high wing densities 
the reduction with altitude is still less. From these results, though they are 
admittedly based on inadequate data as regards some of the derivatives involved, 
it would appear that for the high density wings of the future, the indicated flutter 
speed may in practice usually be regarded as independent of altitude. 


APPENDIX II. 


SoME COMMENTS ON WING FLEXURAL STIFFNESS. 
In any consideration of flexural stiffness, it is of interest to note at the outset 
that during recent years wings have been steadily becoming more flexible. The 


change represented by the transition from biplanes to externally braced mono- 
planes and later to cantilever monoplanes corresponds to something like a tour-fold 
increase in wing flexibility—a major change which has taken place almost 
unnoticed. As this trend may continue on account of the possible use of thinner 
wing sections and improved spar materials, it has become relevant to consider what 
factors may ultimately be found to limit the reduction of flexural stiffness. 

It was at one time considered that flexural stiffness might be essential! for the 
avoidance of wing flutter. That this was so for the prevention of wing-aileron 
flutter in the days of un-massbalanced ailerons there is still little doubt; but 
provided we can rely on the efficacy of aileron massbalancing, current research 
indicates that wing flutter speeds are not very sensitive to changes of flexural 
stiffness. On this account it becomes desirable to consider what other factors 
may arise to limit wing flexibility. 

If we think what would happen to an aeroplane in steady rectilinear flight were 
its wings to be materially reduced in stiffness, it will be apparent that we should 
at once see an increase of the wing dihedral, and this change would, of course, 
be accompanied by a decrease in the wing natural frequency in flexure. Carried 
to extremes these changes would necessarily have material effects upon the stability 
of the aeroplane, and we should perhaps come upon some new wing-cum-aeroplane 
stability problems. That some allowance for the change of dihedral may have to 
be made will be appreciated from the fact that whilst this dihedral change under 
rectilinear flight conditions has in recent years increased from about }° to about 1°, 
the geometrical dihedral angles adopted have (until very recently) tended to 
decrease somewhat—from say 5° to 3°. It is thus already possible that during a 
pull-out from a dive the geometric wing dihedral may be doubled by wing 
flexibility ; and though this may be unimportant in a lightly loaded monoplane, 
in one with heavily loaded wings it might lead to a form—transient perhaps—of 
oscillatory lateral instability (9). 

Other manceuvres, such as taking-off and landing, give rise to conditions in 
which wing flexibility may be important, particularly where aeroplanes with heavily 
loaded wings are concerned. During landing, apart from the obvious require- 
ment that the wings shall not be so extremely flexible as to allow their tips to 
touch the ground due to the deceleration of the undercarriage, it may become 
necessary to allow for wing flexibility in estimating the forces on both wings and 
undercarriages ; and in this connection some preliminary consideration has already 
been given to the comparable problem arising in the alighting of flying boats (10). 
The possibility of ground or sea irregularities giving rise to undue flexural vibra- 
tions of the wings during take-off has also to be envisaged. 

The foregoing comments are, of course, by no means exhaustive—nothing has 
been said, for example, regarding the possibility of undesirable ‘‘ tip-dithers ’— 
but they are, it is hoped, sufficient to draw attention to some of the stability and 
related problems which may arise should the past tendency to decrease wing 
flexural stiffness continue. 


10. 


incre 
inter 
mult 
use 
D: 
he c 
two 
else 


1. 
9 
4, 
6. 
8. 
9. 
TI 
prob 
follo 
futu 
M 
culat 
coule 
the 
dist 
He 
that 
and 
Mr. 
of a 
very 
H 
bird 
prim 
axis 
TI 
they 
it we 
to g 
Wing 
wing 
that 
heav 
had 
they 


litter 


ving 
ities 

are 
ved, 
itter 


tset 
The 
fold 
nost 
ner 
vhat 


the 
ron 
but 
arch 
ural 
tors 


vere 
ould 
rse, 
ried 
ility 
lane 
e to 


| to 


CONTROL SURFACE AND WING STABILITY PROBLEMS. 987 


REFERENCES. 

1. H. Roxbee Cox. Problems involving the stiffness of aeroplane wings. (Journal of Roy. 
Aero. Soc., Feb., 1934). 

9 H. Roxbee Cox. A statistical method of investigating relations between elastic stiff- 

nesses of aeroplane wings and wing-aileron flutter. (R. & M. 1505). 

3, A. G. Pugsley. The wing stiffness of monoplanes—Appendix HI. (R. & M. 1742). 

4, A. G. Pugsley. The influence of wing elasticity upon the longitudinal stability of an 
aeroplane. (R. & M. 1548). 

5, A. G. Pugsley. Preliminary report on an approximate theory of wing flutter, with 

special reference to Kiissner’s formula. (R.A.E. Report No. A.D.3080—- 

unpublished). 

Shishkin. The strength of birds’ wings. (Trans. of Central Aero-Hydrcdynamical 

Inst., Moscow, No. 258). 

7, D. Williams. The flexural-torsional flutter characteristics of a simple cantilever wing 
representative of current practice. (R. & M. 1596). 

g. W. J. Duncan and H. M. Lyon. Calculated flexural-torsional flutter characteristics 
of some typical cantilever wings—interim report. (2738, 0.57—unpublished). 

9, D. Fraser and A. G. Pugsley. Oscillatory lateral instability, with special reference to 
wing loading and inertia effects. (R.A.E. Report No. A.D.3068—unpublished). 

10. R. A. Fairthorne. Preliminary theoretical treatment of the stresses in seaplanes on 
landing. (R.A.E. Report No. M.T.5592—unpublished). 


=> 


DISCUSSION. 

The PrESIDENT: Mr. Pugsley had succeeded in presenting a rather intricate 
problem in a short space of time and had shown diagrammatically the paths 
followed in the past history of this subject and the alternative routes for the 
future, and had said what he thought likely to pass along those routes. 

Mr. Tinrman (Fellow): He would like Mr. Pugsley to give a few more parti- 
culars on the practical side of making controls irreversible. Any particulars he 
could give would be greatly appreciated. Another question he wished to ask was 
the following: Should it ever be necessary to fill the wing with petrol for long 
distance work, how would that affect the problem of the stability of the wing? 
He thought one could put it fairly far forward, but it looked as if it might 
increase the density so much as to introduce a fair amount of trouble. It was 
interesting to see that having the engines naturally far forward on the wings of 
multi-engine machines was a very great help, and it might be necessary to make 
use of this effect in the future quite considerably. 

Dr. RoxBEE Cox (Fellow): He thought this a very important paper indeed, and 
he congratulated Mr. Pugsley on having produced it. Papers were valuable for 
two main reasons, either as records or explanations of what had been done, or 
else as statements of what needed to be done, and it was for this latter reason 
that the present paper was of such value. With increase of speed of aeroplanes 
and increase in wing loading to retain immunity from the sort of instability which 
Mr. Pugsley had been describing, designers had realised that they had a number 
of avenues to explore. Mr. Pugsley had been good enough to mark those avenues 
very clearly, EF,, EF,, and EF, on his diagram. 

He had been specially interested in the diagram the author had shown of a 
bird’s wing. It would seem that the grouse must have had the advice of some 
primeval Pugsley, and that he succeeded very effectively in bringing his inertia 
axis and flexural axis close together, and both ahead of the quarter chord position. 

This was an ideal which they would certainly have to aim at for as long as 
they kept to the sort of aspect ratios which were now used. He was not sure 
itwas an ideal to be very easily attained. It was clear that it would be necessary 
to get the bulk of the structural material in the front quarter or front third of the 
wing, and the main masses in the same region, making the after portion of the 
wing light. In the matter of getting the after portion of the wing light, he felt 
that it should be remembered that it was not essential even in high performance 
heavily loaded aeroplanes to stick to an all-metal covering all over the wing. He 
had a feeling that in attempting to achieve this light after portion of the wing 
they might successfully use a metal framework covered with frabric. Fabric in 
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these days was a little neglected as a material of construction in hig \-speed 
aircraft, but it seemed as if it might be very useful in this particular problem, 
It was relevant to remember that in what were otherwise all-metal ae: planes 
quite frequently the control ‘surfaces had their after portions covered with fabric. 
especially to make these after portions light and so to massbalance the aileron 
without undue waste of material. In fact, in the aileron, by the use o! fabri 
covering, they tried to bring the principal axis of inertia towards what was really 
the aileron flexural axis—its hinge axis. 

Mr. Pugsley had also suggested by implication that possibly the pursuit of high 
aspect ratios might be a mistaken one. He thought the reason the lecturer gave 
for that was a very powerful one. He said that the wing flutter speed tended 
to vary inversely as the aspect ratio, and it was known also that the wing siructure 
weight tended to vary roughly with aspect ratio. Those were very strong 
reasons for considering this aspect ratio problem very carefully... He had the 
impression that in most discussions on the effects of aspect ratio on range, ceiling 
and take-off, these two very important facts were not carefully taken into con- 
sideration. They should be considered very deliberately indeed before it was 
assumed that high aspect ratios and high span loadings were always economical, 

Of course, low aspect ratio also afforded an opportunity of putting more weight 
into the wing and therefore of having smaller fuselages and approaching more 
closely to the ideal of the flying wing. At first sight that might seem to be a 
remark a little beside the point of the present lecture, but he was not sure that 
it was, because this tendency to put more mass into the wings was one which 
reduced the bending moments on the wing, which meant that the wing’ flexural 
stiffness was coming down too. 

Mr. Pugsley had said in one of the appendices that low wing flexural stiffness 
was not a serious disability from the point of view of the instabilities which he 
had discussed, but he had intimated that it might have some importance in con- 
nection with lateral stability, and the speaker felt it would be very useful if they 
could have some idea of what the low limit of flexural stiffness should be. It was 
interesting to realise that if they could bestow all their mass in the wings in the 
most economical way, then they would have no bending moments and so the 
flexural stiffness would approach zero; at the same time they would have almost 
the highest possible rolling moment of inertia! It might be that soon they would 
be tending quite rapidly towards that sort of limiting case, and he would like 

know how far they could go with safety. 

He had just two questions on points of detail to ask Mr. Pugsley. — Firsé of 
all, he was not quite clear in these days as to the definition of flexural axis. As 
would be seen from the picture of the bird’s wing, it was not really an axis at 
all. One thought of axes usually as straight lines, and it was certainly not a 
straight line; it was also described in that picture as the locus of elastic centres, 
which gave the impression that it should be determined by finding the elasti 
centres in a series of different sections of the wing by the application in each of 
them successively of a single mass. But they had also heard of something which 
used to be called the flexural line, which was a line such that if the loads ona 
wing were all transferred to it by chord-wise movements the wing did not tend 
to twist. It might be that in modern wings these two lines approached very 
closely, and it did not matter which one was used, but from the point of con- 
venience the first line as described was far the better because the second one 
varied when the load on the wing varied. 

His last point was this: When he was first interested in flutter a great deal was 


heard about still another axis, the axis of independence, so independent an axis 
that one could rarely find out where it was. It caused a great deal o! trouble, 
and they came to neglect it because that was the only course they could pursue 
Later on they thought they might be justified in neglecting it on the ground that 


it was not very important, and now Mr. Pugsley had completely ignored it, and 
he hoped he was justified in so doing because it was an axis very difficult to 
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jetermine and from the designer’s point of view almost uncontrollable. He 
would like to be assured that they need not think about it any more. 

Dr. LACHMANN (Fellow): He complimented the author on his excellent paper, 
especially in that he had been able to represent diagrammatically not only the 
characteristics of wings from the flutter point of view, but also the historical 
events which led up to the present situation. Nothing appealed more to an 
engineer than a diagram. Diagrams were an international language, but, of 
course, an engineer liked to know something about the quantitative accuracy of 
the scale. Mr. Pugsley had safeguarded himself in various ways, but he would 
like to ask him to what extent the figures or the curves were quantitatively 
accurate or, in other words, what was the width of the bands which really should 
replace the curves. 

He could not understand why flutter had not been observed yet on tailplanes. 
According to Kissner’s formula the critical speed depended on frequency times 
chord divided by the reduced frequency. As the speed went up the tailplane 
should flutter earlier than the wings unless the frequency of the tail was higher 
than that of the wings. 

In Fig. 7 there were given practical minimum criteria for duralumin cover and 
plywood cover. How were these determined? Did they refer to wings with 
concentrated spar flanges where the skin was simply a shear carrying member or 
to fully stressed skin wings? For the latter, he thought, there should not be a 
practical limit, or at least it would be difficult to express the practical limit. 

With regard to the fully stressed skin wing he could imagine that as the 
density went up the stiffness increased correspondingly, because most of the 
material would be used to take up torsion. He had been much interested in the 
diagrams showing a grouse wing, because the same principle was realised on the 
Handley-Page ‘* Harrow ’’ wing, where the inertia and flexural axes were placed 
very far forward, the nose of the wing being the ‘‘ business end’’ of the 
structure with a relatively light fabric covered rear portion. 

Mr. A. R. CoLtuar: He desired to ask a question and make a comment. Speak- 
ing as one who himself had done some little work on flutter, he said he would 
have thought it was quite impossible to present the subject so clearly. 

The question he wanted to ask was why in the diagrams the stiffness criterion 
had been chosen as it had. He would have thought it might have been better 
to choose as the ordinate the square of the stiffness criterion actually used. By 
that means the value of the torsional stiffness would be linearly represented in 
the vertical direction, and the Kiissner curve in Fig. 3 would actually become a 
straight line. He did not know that there was much to be said for either method 
in preference to the other, but it would be interesting to know how the one 
chosen was arrived at. 

He wished to comment on the question of the grouse wing, as he wondered 
whether it was really relevant to the problem under discussion. He had always 
understood that the term ‘‘ flutter ’’ arose from the motion of a bird’s wing. 
It was therefore peculiar that nature had so arranged the inertia and flexural axes 
that flutter was impossible. Actually he thought the location of the flexural axis 
and the inertia axis was really not related to the possibility of flutter of the wing, 
but to some other circumstance, more particularly because the stiffness of the 
bird’s wing in a chord-wise direction must be remarkably little, as the tail end 
of the wing consisted mainly of feathers and could transmit a quantity of air. 
Therefore he was inclined te believe that the phenomenon was not really related 
to the flutter at present under discussion, and he was not sure that it should be 
cited as a support for the methods of flutter prevention which were put forward. 

Mr. A. E. Russett (Associate Fellow): There were two questions he desired 
to raise in connection with his paper. The first was to enquire if the reason for 
moving the station for measuring m,, the torsional stiffness criteria for flutter, 
from near the tip to the mid-aileron position was merely to represent the flutter 
conditions and aileron reversal on the same diagram or if it was thought that the 
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mid-aileron position was likely to give a more reliabie estimate of flutter speed, 
The second was to state that the flutter speed estimated from the results of a 
resonance test on a particular twin-engined aeroplane gave a point well beloy 
the author’s boundary curve. He enquired if this result was due to effectiye 
engine massbalance, and if so, whether it was important with twin- and foy. 
engine type aircraft to strive to get the inertia axis as far forward as he sug. 
gested. 

Mr. Atkin: He had followed for some years with great interest Mr. Pugsley’s 
work on flutter, and like Dr. Cox he had noticed that the various axes, parti. 
cularly the one mentioned by Dr. Cox, the axis of independence, had more or less 
vanished from the requirements of the expert. It seemed to be taken for vranted 
in many types of design that it was not possible nor desirable for other reasons 
to attempt seriously to achieve the sequence of axes which was ideal. He would 
like to know how tar back Mr. Pugsley thought one could push the flexural axis 
in an attempt to make it agree with the inertia axis before one ran into other 
troubles, because there was a tendency, more particularly with stress. skin 
structures, for the flexural axis to go back owing to the extent of the skin distri. 
bution. It might be possible by a slight sacrifice of weight to push the flexural 
axis back until it occurred more or less at the same position as the inertia avis, 
and then the polar moment of inertia would be reduced to a minimum and the 
flutter speed would be pushed up. How far did Mr. Pugsley think that this axis 
could be pushed back ? 

Another point sometimes troubled him. Although there had been enormous 
drops in flexural stiffness in wings, due firstly to the change from biplanes to 
monoplanes and then to other causes, yet there had been afterwards an increase 
in flexural stiffness due to the very high load factors now required in some of the 
modern machines. He would like to get an idea as to whether he (the lecturer 
considered the ratio of flexural stiffness to torsional stiffness had any significance, 
and if so, what were the ranges of that ratio or the limits of the ranges, which 
were likely to give trouble. 

Mr. J. C. StEvENsoN (Associate Fellow): He had come prepared with many 
yuestions to put to Mr. Pugsley, but his ‘‘ thunder ’’ had been stolen by the 
previous speakers. He wished, however, to revert to one or two points already 
raised. 

With regard to the question of the use of irreversible control, presumably mass- 
balance of the ailerons was a fair precaution against flutter, but not a sure one, 
whereas irreversible control would afford, one would think, a sure and _ positive 
preventive of wing-aileron fittter. 

The author had stated that the influence of aspect ratio and thickness was 
such that the flutter speed varied inversely with aspect ratio and directly with 
thickness/chord ratio. The speaker was not very clear on how this was indicated 
by Kiissner’s formula, and wanted a little more information on this point. He 
did not agree, however, with Dr. Roxbee Cox in derogating the advantages of 
aspect ratio from consideration of the greater weight expenditure to give requisite 
anti-flutter stiffness, while it was possible to approach nearer to the ideal flutter 
condition of coincidence of the ‘‘ elusive ’’ axis of independence, equally 
‘* elusive ’’ flexural axis and the axis of inertia without the cost of extra weight. 

In connection with the many difficulties of the stiffness problem which recurred 
in the path of the designer, first, there had been the problem of loss of lateral 
control which was not fortunately clarified, then the problem of divergence, and 
now they found the possibility that the flutter problem might be the criterion which 
governed the situation. For present needs, therefore, could the typical curve 
which the author has shown in the diagrams be used as a lower limit basis on 
which to make a first approximation in the early stages of design to the stiffness 
required to obviate the possibility of flexural-torsional flutter? At a later stage, 
presumably, it would be necessary to check this by full-scale vibration tests ol 
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the wing, and using Kiissner’s formula it could be found whether there was the 
possibility or not of wing flexural-torsional flutter. 

One point in connection with flutter of the tail unit—did Mr. Pugsley suggest 
that, in view of the possibility of flutter particularly at slower speeds under eddy 
buffeting from the wake, they should attempt to get the same degree of stiffness 
criteria in torsion and flexure as for the wing? Further, did he suggest that the 
devators should be massbalanced on the same arguments as for the ailerons? 

(Written communication.) With further reference to the stiffness criterion 
diagrams of the paper is it legitimate in the case of thin torsion shell structures 
to use the estimate of mg based on the plain shear modulus of the material, or 
would it not be more appropriate to the conditions of onset of flutter to use the 
effective shear modulus for the buckled condition of the shell, that is, about 3 of 
the modulus of rigidity of the material? 

Is it possible with the present state of knowledge on the general problem to 
give some approximate quantitative correction factors applicable to the diagrams 
to cover a normal variation of the torsional and flexural inertias, the flexural axis 
position, and some indications of the effect of discontinuities (change of torsional 
structure) in the spanwise stiffness grading ? 

Mr. D. L. Exuis (Associate Fellow): What was the effect of the mobility of the 
fuselage on the flutter curve—the degree by which the fuselage departed from 
being a rigid support for the wing? As machines tended to larger sizes the 
fuselage would naturally become relatively smaller in inertia in relation to the 
wing. Was this effect going to be a help to them or otherwise along whichever 
of the possible paths they chose to follow? 

S./Ldr. A. F. Scroaes (Associate Fellow): The lecturer and so far all the 
speakers had spoken from the point of view of the scientist and designer. Perhaps 
he might be allowed to speak from the point of view of the pilot. He gathered 
that irreversible controls were a good thing from the flutter point of view which he 
took to mean that with a control system so designed, a force applied to the ailerons 
would not move the control column or other apparatus in the cockpit. He hoped 
it would not be found necessary to do that or, if it was absolutely necessary, that 
the evil day would be put off as far as possible. He had flown some aeroplanes 


which had approximated to that position. merely by putting a lot of friction 
in the control system, and it was most snp. ant. He begged the flutter experts 


not to ask him to do it in the future. 

Mr. H. Betart (Associate Fellow): he fact that wings of multi-engined 
machines can be effectively mass-balanced against wing flutter is of considerable 
interest. It seems, however, that this mass-balancing would mainly influence 
the inboard portion of the wing, so that the effect on the outer parts would be 
merely a shortening of the span, and the wings would still flutter if their torsiona! 
rigidity was low. 

In company with Dr. Lachmann, he would also like to ask Mr. Pugsley if he 
could give some indication as to how far the wing flutter boundary curve of his 
diagram could be lowered for wing structures with especially favourable dynamic 
properties, such as single spar wings with a D-nose on similar torsion resisting 
elements. Would it be possible to introduce a number of curves with the relative 
position of the flexural and inertia axes as a parameter so as to give the influence 
of this important feature in the diagram? 

Mr. H. E. Wimperts: He might perhaps anticipate one thing to which no 
doubt Mr. Pugsley would refer in his reply. The Air Ministry had been greatly 
concerned as to what the pilot’s opinion would be on irreversible controls when 
obtained. So an improvised irreversible control was put together at Farnborough, 
not one of the sticky sort, but one nearly as free as an ordinary control which 
“stayed put ’? when let go. The pilot’s opinion was quite unexpectedly favour- 
able, whereas he had rather feared that the natural conservatism of pilots would 
be likely to lead to an opinion adverse, it was consoling to find that the opinion 
obtained was distinctly favourable to going on with the investigation; so that if 
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they did some day get a really good irreversible control there would be no reason 
why one should fear using it. 

With regard to the Kiissner formula, he wondered whether the considerable 
amount of work done in this country had led to a similar formula. Mr. Pugsle 
would probably know. 

Mr. R. A. Frazer (Fellow) (communicated): He would like to congratulate Mr, 
Pugsley on having presented so clearly and so simply a subject which at the root 
is extremely complicated. By suppressing the mathematics and concentrating ¢; 
the statistical and historical aspects of his subject, he has produced a paper 
which he was convinced will be particularly welcomed by all designers. 

One fact brought out by the paper is the importance of torsional stiffness, and 
the comparative unimportance of flexural stiffness, in relation to the flutter oj 
modern aeroplane wings with massbalanced ailerons. Kiissner’s formula, and 
related methods of flutter prediction, also give prominence to the part played by 
torsion in wing flutter. The implication is that some of the more troublesom 
aerodynamical couplings between torsion and flexure have a negligible influence 
in practice, and this makes for much simplification. At the same time it must be 
recognised that some wing structures could undoubtedly be designed to which 
these simple rules would not apply. The position therefore seems to be fortunat: 
for wings of normal design. He did not profess to understand wily the position 
should be so fortunate. In his own opinion the question will not be thoroughh 
understood until they had a much more detailed knowledge of the air forces acting 
on oscillating wings. 

He was interested in Fig. 8 which showed the various axes for the wings of 
a grouse. The diagram shows the flexural and inertial axes to be mostly coincident 
and ahead of the quarter/chord. Mr. Pugsley’s comment is that nature long ago 
evidently knew all about methods of economically avoiding wing instability 
troubles. Perhaps he, too, may be allowed a grouse. It is that similar rules 
were given not so long ago in $54 (g) of R. & M. 1155. If Mr. Pugsley’s diagram 
is correct the bird is unable to place its axis of inertia actually ahead of th 
flexural axis, but it does the next best thing and makes them practically coin- 
cident. However, it is possible that Fig. 8 is not quite fair to the bird, since the 
measurements of the elastic axis of a grouse must be a matter of some delicacy. 
Moreover, if the grouse was deceased at the time of the measurements, the 
results may not apply to a live bird. 

Dr. W. J. Duncan, D.Sc. (Fellow) (Communicated): Mr. Pugsley’s stiffness 
diagram is interesting and instructive, and the manner in which the historical 
development of wing design is illustrated in Fig. 5 is of particular interest. The 
paper should be of great value as a guide and inspiration to designers. 

There are a few points raised in the paper which call for detailed comment. The 
most important of these concerns the possibility of securing massbalance of a 
wing by fitting engine nacelles forward on the wing. This matter has not yet 
been thoroughly investigated, either experimentally or theoretically, but there can 
be no doubt that the vital factor is the distance of the nacelle from the wing root. 
When the nacelle is fairly far out on the span, as for the outer nacelles of a four 
engined monoplane, then it may be assumed to move with the wing, and if its 
centre of mass is forward of the flexural axis it will assist in obtaining mass- 
balance. But if the nacelle is near the wing root it appears probable that the 
massbalancing effect will be trifling, although the presence of the nacelle may stil 
tend to raise the critical flutter speed. The reason for this is that a large con 
centrated mass offers great resistance to rapid oscillation, so that the nacelle 
only moves very slightly in a wing vibration, and the effective overhang of the 
wing is reduced, with a consequent rise in the critical flutter speed. 

In Figs. 4, 5 and 6 the wing divergence line is shown in a fixed position, but 
the divergence speed can be raised indefinitely by moving the flexural axis forward 
towards the quarter-chord position. In fact if the flexural and inertia axes could 
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be arranged to be at the quarter-chord all wing instability troubles would dis- 
appear (although the problem of reversal of aileron control would remain). 

Mr. Pugsley states that it follows from Kiissner’s formula that the critical 
futter speed of a stressed-skin wing varies directly as the thickness/chord ratio. 
This conclusion would only follow if the mass were independent of the thickness. 
If the wing density were constant the critical speed would be approximately pro- 
portional to the square root of the thickness/chord ratio. The truth probably lies 
somewhere between these two extremes. 

Various consequences of wing bending are considered in the paper. It may 
be worth noting that one consequence of a pronounced bend would be a con- 
siderable increase in the effective torsional moment of inertia. This would lead 
toa reduction of the frequency of the torsional oscillation, with a consequent fall 
in the critical flutter speed. 


REPLY TO THE DISCUSSION. 

The Kiissner formula came initially from abroad rather than from this country. 
It emanated not actually from Kissner himself, though his name had become 
associated with it, but from a previous worker Birnbaum, who had suggested 
such a formula without developing it in relation to flutter speed calculations. But 
kKiissner appreciated its empirical usefulness and enlarged upon it afterwards; and 
workers in this country had since used it and investigated its relation to classical 
jutter theory. 

On the question of irreversible controls, to which the President and two other 
speakers had referred, he felt that in the experiences mentioned by S./Ldr. 
Scroggs the pilot’s reactions had perhaps been influenced by the extra heaviness 
that the friction had introduced into the control circuit. That brought out a point 
in the design of irreversible controls, about the details of which Mr. Tiltman had 
asked. In such design one had first to avoid increasing the heaviness of the con- 
trols, and secondly to avoid backlash in the irreversible unit. On the second 
point, if there were appreciable backlash the irreversible gear might fail to pre- 
vent flutter taking place across the backlash; and though the flutter amplitude 
might be small its effects might be serious. 

Mr. Tiltman had also mentioned the question of fuel in the wings and asked 
whether the addition of fuel there would have much effect on the flutter. speed. 
It would be recalled that on one figure he had shown (Fig. 3) the wing flutter 
line became almost horizontal at high densities. For wings of such density the 
addition of fuel, in so far as its mere mass was concerned, would have little 
effect because the flutter speed had become almost independent of wing density ; 
but for an aeroplane with low density wings the effect might be more serious. 
On the position of the fuel in a chord-wise sense, he rather hoped that further 
work on the subject would show that the flutter speed. of the current type of 
wing was, in practical cases, not too seriously affected by fuel distribution. 

Dr. Cox had mentioned various avenues he had explored, but he felt bound to 
confess that he had rather ‘‘ looked down ’”’ the avenues than thoroughly 
“explored ’’ them. Dr. Cox had commented on the possible value for a wing 
of a metal framework with fabric covering as an alternative to a metal-covered 
structure. There were arguments for and against both types. A metal-covered 
wing seemed at present to get one quite easily out of several troubles, such as 
wing divergence or aileron reversal (cf. Fig. 7), and so left the designer relatively 
free from certain difficulties which would otherwise have concerned him. On the 
other hand, with a metal framework and fabric covering, there was greater free- 
dom to attempt to deal with wing stability problems by a scientific disposition 
of the various axes; so that with great care in the use of a metal framework one 
might, in the end, be more successful. In connection with that possibility and also 
with Mr. Collar’s question about the relevance of the picture of the bird’s wing 
(Fig. 8), the bird had, whether for anti-flutter reasons or otherwise, adopted for 
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the main structure of its wing—consisting of a long structure related to that of 
the human hand and arm—a “‘ framework ”’ set near the leading edge. 

Dr. Cox had also suggested that perhaps designers ought seriously to consider 
reducing aspect ratios because of the structural problems that arose with high 
aspect ratios. That seemed to him to depend a good deal upon whether one was 
going to deal with the stability problem as a stiffness problem or as a problem 
of disposing wing axes. If wing stability was to be dealt with as a stiffness pro. 
blem then, of course, as Dr. Cox had said, the aspect ratio question might be 
important ; but he rather felt that perhaps the quicker thing to do from the stiff. 
ness standpoint was to consider first the wing section thickness. If adequate 
thickness could be obtained without undue drag it might not be worth while 
bothering about the aspect ratio problem. 

A further point raised by Dr. Cox and Mr. Ellis was whether with relatively 
large and heavily loaded wings the mobility of the fuselage mattered. Proceeding 
to the limiting case of a ‘* flying wing,’’ he felt that probably the tendency would 
be for a two-node oscillation to take place, the outer parts of the wings oscillating 
somewhat as single cantilever wings balanced by an inner part oscillating in the 
opposite sense. In that way the wing flutter speed might perhaps be so raised 
that it was no longer of practical importance. [Experiments on that type of wing 
would be very interesting. 

Questions had been asked about the flexural axis and what it was. That 
seemed a very difficult problem, but he did not feel that the point mattered very 
much for the average wing because, if either of the definitions mentioned were 
used, while one flexural line might wander relatively to the other it did not wander 
far; and he did not feel that it was present worth working much on the question, 
even if the problem as put were soluble, which he rather felt it was not. Their 
whole notions of the flexural axis were concerned with semi-rigid wings and not 
with real elastic wings. From the flutter point of view perhaps the best way of 
looking at the matter was the two-dimensional way. If the problem were looked 
at in that way, then it was quite easy to define the inertia axis and the flexural 
axis in a simple manner by reference to local loads. 


The axis of independence, mentioned by Dr. Cox and Mr. Atkin, had ‘ dis- 
appeared ”’ partly because we knew very little about it, but also because recent 
calculations had suggested that it was not a very important variable. One 
Russian worker had argued that the axis did not really exist at all, but was 
co-incident with the quarter chord. 

Dr. Lachmann asked about the basis of the curves on the figures given in the 
paper; and Mr. Belart and Mr. Stevenson had asked similar questions and had 
inquired in effect whether, if an aeroplane’s characteristic point, when plotted on 
one of the figures, came just above or below the flutter boundary, the implication 
as regards flutter could be taken as accurate or only as approximate (and thus 
only a guide for preliminary design purposes). He wished to emphasise that the 
latter was the true reading of the case. He referred to Fig. 5 and indicated how 
the various lines were obtained and their probable margins of error. He pointed 
out that the lines all referred to average current practice, and that, in particular, 
the wing flutter boundary had been obtained empirically from recent practical 
flutter speed calculations and model tests for wings without wing engines. 

Dr. Lachmann had also asked how the minimum line for stiffness (Fig. 7) for 
duralumin-covered wings had been obtained. As theoretically such a line was very 
hard to define, he had here taken an over-all attitude in relation to the available 
stiffness information on metal-covered wings; some of these wings, especially the 
earlier ones, were designed without direct reference to wing stiffness questions, 
and in some the covering, he knew, was designed largely from the manufacturing 
point of view. He had therefore taken a value typical of the lower wing stiff- 
ness results available for duralumin covered wings and thus plotted the line 
empirically. He felt that was the best way to get a real practical guide. 
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Dr. Lachmann had remarked that on a metal-covered wing, when the cover 
thickness was increased, the torsional stiffness was increased at the same rate. 
On this point he had realised that for an ‘‘ ideal ’’ metal-covered wing consisting 
of cover alone the flutter speed appeared, on Kiissner’s formula, to be independent 
of the cover thickness. This suggested that, for the conventional design of wing, 
there was a limiting flutter speed. He had attempted to calculate what that 
flutter speed would be and had obtained a very rough value of 600 A.S.I. for a 
duralumin-covered wing of conventional proportions. But Kiissner’s formula 
could not fairly be extrapolated to deal with such a limit and was probably mis- 
leading on the matter. 

Mr. Collar had asked why he had used the stiffness criterion in the ‘‘ square- 
rooted ’’ rather than the ‘‘ squared’? form. The reason was partly historical. 
In early flutter work Dr. Cox adopted the square-rooted form and it had proved 
very convenient ; one of the practical uses of the criterion was directly concerned 
with limiting speeds, and for discussions on these it was convenient for the 
criterion to vary linearly with speed. 

Mr. Russell had wondered why a change had been made in the criterion from 
the torsional stiffness value appropriate to the wing tip to that appropriate to 
the mid-aileron section. That change was partly for convenience to bring all 
the boundary lines on to the same picture, but there was really more in it than 
that. The criterion was first used in dealing with biplanes for which the tip 
stiffness was a satisfactory guide, but now with monoplanes the mid-aileron 
section gave a more representative stiffness figure. It had, for instance, been 
shown that a better estimate of the torsional frequency of a cantilever wing could 
be obtained from a knowledge of the mid-aileron stiffness than from the tip 
stiffness. With regard to Mr. Russell’s remark about wing engines such 
resonance test work as had been done on twin-engined machines had indicated 
either that the wing engines had so modified the resonance characteristics of the 
wing as to render them apparently flutter-proof or else had had very little net 
effect at all—the two extremes. With wing engines present it might still be 
desirable to aim for a forward inertia axis position in the wing tip region. 

Mr. Atkin had asked whether it was possible to move the flexural axis back 
from the usual position with a view to massbalancing the wing. That was, as 
he suggested, the easier way, but as one moved the flexural axis back, one got 
it further away from the quarter chord, and so lowered the divergence speed. 
He referred again to Fig. 5 to illustrate his argument. At the moment he felt 
that 0.35 chord might be as far back as would be desirable, but special calculations 
and experiments on the point would be very interesting. 

Mr. Stevenson had asked how it was that Kiissner’s formula suggested that 
flutter speed varied inversely with aspect ratio and directly with thickness ratio. 
If one thought about the Kiissner formula in its simple form and said that the 
flutter speed varied directly with the torsional frequency of the wing, it was easy 
then to construct a formula for the torsional frequency of a monocoque wing 
which demonstrated the point. Such a demonstration depended, of course, on the 
assumption that the wing could be treated as having only one degree of freedom 
—that in torsion. 

Dr. Lachmann and Mr. Stevenson had asked why tailplanes did not flutter, and 
whether the same degree of stiffness in the criterion form was as desirable for 
tailplanes as for wings. He was afraid that not enough was known about the 
properties of tailplanes to enable very much to be said on that subject. There 
were very few records of the stiffnesses and natural frequencies of tailplanes. He 
thought there were one or two instances in which the natural frequency of the 
tailplane in torsion was rather higher than that of the wing on the same machine. 
On the stiffness criterion he felt that apart from any peculiarities in the flexural 
and inertia axis positions that might exist in tailplanes, their stiffness criteria 
should be at least the same order as those for the wings. He knew of one or two 
cases where that had been shown to be so. 
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A question was also asked about the massbalancing of elevators. A number 
of designers did massbalance—or partially massbalance—their elevators, and 
abroad this appeared to be done fairly generally. The only difficulties that seemed 
likely to arise were from the local flutter and vibration points of view; vibrations 
of the mass involved might cause local damage to hinges, etc. Instances of 
that sort of trouble had occurred, apparently because tailplanes seemed more 
liable to mechanical vibration troubles than wings. 

Mr. Belart had asked whether the massbalancing effect of wing engines was 
due to the shortening ‘‘ of the part of the wing that could flutter.’ That was 
probably one cause of the anti-flutter value of wing engines, but he did not think 
it was the whole story ; for whereas without wing engines the resonance modes of 
a wing might be perfectly normal, when a wing engine was present the usual 
modes of vibration might largely disappear. 

Mr. Belart had also suggested that it might be desirable to plot various extra 
curves on, say, Fig. 5 appropriate to different positions of the various axes and for 
various values of the other relevant properties of a wing. That might perhaps 
be useful, but for the purpose of the paper he had felt that it would complicate 
the argument to do so. Actually, criterion calculations were at present used 
mainly in relation to flutter questions alone, the aileron reversal and the wing 
divergence problems being dealt with by direct calculations of the critical speeds 
concerned. 

In conclusion, he thanked his audience for their very kind reception of his paper, 

The PREsIDENT: Mr. Pugsley had raised a number of important questions and 
had dealt with them very clearly. His introduction to this whole subject was of 
quite exceptional merit and he asked those present to indicate their appreciation 
of it in the usual way. 


REPLY TO WRITTEN CONTRIBUTIONS TO THE DISCUSSION. 

I would like specially to thank Mr. Frazer and Dr. Duncan, who have done so 
much for the advance of our knowledge on wing stability problems, for their kind 
comments on my paper. Mr. Frazer’s remarks on the need for further information 
on the aerodynamics of oscillating wings will, I am sure, be generally accepted, 
and I look forward with interest to the results of his own experimental work on 
the subject. As he surmises, the grouse that provided the information contained 
in Fig. 8 was deceased and the experimenter actually records some difficulties— 
arising from time changes in muscular properties—on that account! It may 
not be irrelevant to note that aerodynamically speaking there may also be changes 
associated with death affecting the stability properties of a bird’s wing. 

Dr. Duncan’s comments on the massbalancing effects of wing engines draw 
attention to the limitations of ‘‘ local ’’ massbalancing ; closer definition of these 
limitations by further model experiments would obviously be of value. Dr. 
Duncan has also pointed to an indirect effect which might arise from undue wing 
flexibility. It would be interesting to have some rough calculations on the 
magnitude of the effect which, incidentally, would presumably result in a 
reduction of flutter speed when flying with heavy normal accelerations. 

In reply to Mr. Stevenson’s two written inquiries, it is customary in practice to 
adopt for estimating the stiffness of a monocoque wing an effective shear modulus 
of about ? of the modulus of the cover material. In considering this effective 
value it has to be remembered that not only does the internal structure usually 
prevent ‘* wholesale ’’ buckling, but also that any buckling tendency probably 
affects the internal damping properties of the wing. Regarding possible correction 
factors for the influence of variables not specifically involved in the diagrams of 
the paper, I think, as mentioned in my verbal reply, that these diagrams can 
only be taken as rough guides and that any elaboration of them for numerical 
use would at present be unwise. Reference 8 of my paper—especially in its final 
form about to be issued—gives curves showing the effects of some of Mr. 
Stevenson’s additional variables. 
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The G21st Lecture to be read before the Royal Aeronautical Society since 
its foundation on January 12th, 1866. 


PROCEEDINGS. 


A meeting of the Royal Aeronautical Society was held at the Royal Society of 
Arts, John Street, Adelphi, London, on Thursday, April 22nd, when a lecture 
by G. J. Mead, Esq., A.F.R.Ae.S., on ‘* Power Plant Trends ’’ was read. 

“In the chair: Mr. D. R. Pye, Member of Council, Deputy Director of Scientific 
Research, Air Ministry. 

The CHAIRMAN: He expressed the regret of the President at his inability to be 
present. The absence of the President, however, gave him the great privilege 
of welcoming Mr. George J. Mead, of the United States. The relationships 
between the Royal Aeronautical Society and the United States were of a par- 
ticularly close and cordial character, and in particular the relationships with the 
Institute of Aeronautical Sciences. The Royal Aeronautical Society and the 
institute of Aeronautical Sciences had quite a number of common members and 
Mr. Mead was an Associate Fellow of the Royal Aeronautical Society. Next 
month the Society would welcome Professor Karman to give the Wilbur Wright 
Lecture—which was given in alternate years by an Englishman and someone 
from abroad. 

Mr. Mead, as many of the members knew, was Vice-President of the United 
Aircraft Corporation of America, which included the Chance-Vought Aircraft Co., 
the Sikorsky Company, Messrs. Pratt and Whitney, the Hamilton Standard 
Airscrew Co., and United Airports, so that as a representative of American 
aviation they could hardly look higher than Mr. George Mead. To some of the 
members, Mr. George Mead was much more than a distinguished representative 
of American aviation. Looking through one of the aviation journals last week 
he saw a heading, ‘‘ A Friend from Connecticut,’’ and reading the paragraph he 
found it referred to this lecture. To himself and to several others in this country 
Mr. Mead was a very special friend from Connecticut. American hospitality was 
proverbial, but the sort of hospitality that had been extended to himself and 
others was not the kind of thing that was covered by a proverb. On the first 
day he was in America he was flown up in somebody’s private aeroplane to 
Hartford, and after he had spent a delightful day at Messrs. Pratt and Whitney’s 
works, Mr. Mead—whom he had never met before in his life—sent his own car 
for him and took him to his delightful home in the hills above Hartford. On the 
next day, when he was due to visit the Sikorsky works, Mr. Mead insisted on 
sending his own car and chauffeur to drive him all the way. That was the kind 
of host Mr. Mead could be, and personally he could say that of the many delightful 
memories which he had of a very hectic month spent in America, the memory of 
the 15 hours or so which he had spent in Mr. Mead’s delightful surroundings was 
one never to be forgotten. 


POWER PLANT ‘TRENDS. 
By GeorcE J. Meap, A.F.R.Ae.S. 

Transport aviation is expanding rapidly in America both because of improved 
business conditions and the excellent record of the transport companies. The 
new aeroplanes being laid down, both land transports and boats are, on the 
average, twice the size of their immediate predecessors measured in terms of 
gross weight. Never before in the history of our industry has there been such 
a large increase in size in such a short period (Fig. 1). Coupled with the demand 
lor larger aeroplanes is the requirement for decidedly higher cruising speeds. To 
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meet these demands the total thrust horse-power per aeroplane has been materially 
increased. Operating costs are becoming more and more important due ito the 
competition among air lines, as well as between them and other forms of trans. 
portation. The engineer is. consequently forced to give serious consideration to 
utilising the power available in the most efficient manner, as well as to reducing 
maintenance costs. The maximum dependability is also demanded, both to 
insure safety as well as to maintain the predetermined schedules. The ney 
aeroplanes are, therefore, designed to give efficient performance at take-off and 


GROWTH IN AIRPLANE SIZE 
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Growth in aeroplane size. 


under cruising conditions rather than, as heretofore, at their top speeds. This 
practice provides for carrying the revenue-producing load at the minimum cost 
per ton-mile. 

With the trend toward larger aeroplanes and higher speeds, the question 
naturally arises as to whether the engine development can keep pace with the 
requirements. It is my object, therefore, to forecast the probable development 
of the orthodox type of four-stroke internal combustion engine using gasoline. 
To do this it is desirable, first, to examine the trend of the last decade as being 
the best indication we now have of probable future developments. ‘The output 
per litre has risen steadily from 18 to 35 h.p.,* as shown on Fig. 2, and the 
crank speeds have increased from 1,900 to 2,800 r.p.m., or roughly 50 per cent. 


* Since this paper was delivered, a new engine has been announced by Pratt & Whitney wit! 


an ouput of 40 h.p. per litre and a take-off m.e.p. of 204 Ibs. 
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During the same period the take-off mean effective pressure has been increased 
fom 124lb. to 170lb. and the cruising pressures from 90 to 135lb., while 
the operating periods between overhauls have increased from 300 to 600 hours. 
Can this rate of progress be expected in the future, or may it be improved? 
Research authorities on both sides of the ocean have already reported outputs 
of 100 h.p. per litre. To be sure, these experimental engines would hardly 
measure up to the requirements of commercial operation and, besides, they 
require special fuels. Nevertheless, this gives an objective to be ultimately 
attained by our standard engines. It is interesting to note, in this connection, 
that we are fast approaching the goal of 4o h.p. per litre set up by Mr. Fedden 
in his paper’ before the Society in December, 1933. 
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Improvement in engine performance. 


The standard engine types in our commercial service to-day are single- and 
two-row air-cooled engines of nine and fourteen cylinders respectively (Figs. 3 
and 4). The new aeroplanes now being built require take-off powers of 1,100 
to 1,200 h.p. and continuous cruising powers of 650 to 750 h.p.; fuel consump- 
tions of 0.42 to 0.44 lb./h.p. hr. are being guaranteed. The engines are geared 
and supercharged and weigh with this equipment, ready to run, from 1.2 to 
1.3lb. per take-off horse-power. The Vee type r2-cylinder liquid-cooled engine, 
although standar elsewhere, is very little used in transport service in the United 
States. 

IMPROVEMENT OF ExIstinG Typrs. 

The need for greater power naturally directs attention first to the opportunities 
lor improving the performance of the present standard types. Such improvement 
‘A. H. R. Fedden. ‘‘ Possible Future Developments of Air-Cooled Aero Engines.’’ The 

Journal of the Royal Aeronautical Society, March, 1934. 
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may be provided through the use of fuels with higher knock rating, additiona! 
displacement, better cooling, greater boost, higher operating speeds, and lower 
fuel consumptions. 


FUELS. 
The improvement in fuels has without doubt been the greatest single aid in 


bettering engine performance during the past ten years. The general effect of 


FIG. 3. 


Nine- and 14-cylinder engines—three-quarter front view. 


this on output is shown on Fig. 5. Unfortunately, authorities are not yet ir 
agreement as to the precise effect of better fuels on engine performance. For 
this reason three curves* are given and it is to be presumed that the fina 
evaluation is likely to be a mean of these extremes, especially as all three curves 


2 D. P. Barnard. ‘‘ The Value of Octane Numbers in Flight.’’ Lecture before the Society 

of Automotive Engineers, March 12, 1937. ; 

P. B. Taylor. ‘‘ Increasing the Thrust Horse-power from Radial Air-Cooled Engines. 

S.A.E. Journal, April, 1931. : 

C. B. Veal. ‘‘ Rating Aviation Fuels in Full-Scale Aircraft Engines.’’ S.A.E. Journal 
May, 1936. 
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pass through the same end-points. | Despite the increase in cost, our air lines 
have pretty generally standardised on 87 octane. Actual experience has shown 
that the better grades of gasoline not only give superior performance, but reduce 
the maintenance cost to such an extent as to more than justify the higher fuel 
cost. During the latter part of 1936 several of our transcontinental lines com: 
menced using 100 octane fuel for take-off because of the much greater payloads 
that could thus be carried. Several excellent papers have been published recently 


FIG. 4. 
Nine- and 14-cylinder engines—three-quarter rear view. 


both in England and in the United States analysing the return in money value 
irom the use of higher octane fuels and the general adoption of 100 octane car 
be safely predicted.* 


*F. R. Banks. ‘‘ Ethyl.’’ The Journal of the Royal Aeronautical Society, April, 1934. 
“Fuels and Modern Aero Motor Design.’’ Lecture before the Royal Aeronautical 
Society, January 8, 1937. 

.L. Bass. ‘‘ High Octane Fuels.’’ Aircraft Engineering, January, 1937. 

L. Bass and S. A. W. Thomson. ‘“‘ Influence of Fuel Properties on Air Line Operating 
Costs.’’ Shell Aviation News, December, 1936. 

F. D. Klein. ‘‘ Aircraft Engine Performance with 100-Octane Fuel.’’ Journal of the 
Aeronautical Sciences, March, 1935. ‘‘ Future Possibilities of 100-Octane Aircraft- 
Engine Fuel.’’ S.A.E. Journal, August, 1936. 

D.P. Barnard. Loc. cit. supra. 
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Fuel experts seem generally of the opinion that further fuel development js 


entirely possible, but are far from unanimous on the probable course th 


development will take. Most of the more common petroleum derivatives 


already been investigated and exploration of the less familiar hydrocarbon 
is under way. At the same time a new measuring stick is needed, as the 
scale ends at 100. A different system for the measurement of the knock 
is also required, since the bouncing pin system has been found wanting 
case of the higher octane ratings. Another method has been devised 
U.S. Army Air Corps in which temperatures are substituted for pressures 
apparently gives satisfactory results, at least to the end of the octane 
Fuels of anti-knock value well above 100 octane rating have been produ 
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FIG. 5. 
Effect of octane rating on performance. 


ment Of fuels with higher anti-knock ratings, there appears to be anoth 


er line 


of attack, as special fuels have been produced for racing engines of approxi- 


mately 300lb. m.e.p. and for experimental cylinders of over 5o0olb. m.c.p. 


did not have particularly high octane ratings. Undoubtedly the cost of 


which 
these 


fuels is at present prohibitive, but it seems probable that the cost might be 


reduced or else some other fuels developed which will give equally satisfactors 


results at commercial prices. 


DISPLACEMENT. 


The trend in the development of existing types is toward the use of smaller 


cylinders and higher operating speeds. Maximum performance is act 
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secured with the total displacement reduced from 10 to 15 per cent. in the latest 
examples of nine-cylinder radial and twelve-cylinder Vee engines. The smaller 
cylinders also permit the reduction of engine diameter or cross-section. 

The exception to the general trend is the two-row radial. Here it may be 
feasible to use eighteen instead of fourteen cylinders providing a_ satisfactory 
built-up crankshaft can be developed. This would provide an increase in dis- 
placement of 25 per cent. and correspondingly greater power. The diameter ot 
such a combination will only be slightly greater than. the fourteen-cylinder type 
with the same size of cylinders, as will be seen from Fig. 22. 


Fia. 6. 


Comparison of cooling fins. 


CooLinG. 

The maintenance of permissible operating temperatures of the parts exposed 
to the combustion space is one of the most serious problems of the designer 
to-day, for these temperatures determine the detonating characteristics of a 
vlinder on a given fuel and thus influence the rating of the engine. The usual 
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effect of continuous detonation is cracked or scored pistons or cylinders and is 
therefore to be avoided. 

To gain a better idea of the cooling problems involved, I propose first to 
review the progress to date before attempting to discuss possible improvements, 
The cooling of the exterior of the combustion chamber is accomplished by the 
slipstream, either directly for the air-cooled or indirectly for the liquid-cooled 
engine. The direct method has much to recommend it and to date has been the 
simpler and lighter system. As a matter of fact, its weight saving brought it 
into universal transport use in the United States. The original wide fin spacing 
with relatively small fin area, as shown on Fig. 6, was sufficient for outputs of 
18 h.p. per litre, while the drag of the uncowled engine compared favourably 
with that of the water-cooled engine and nose radiator. The development of 
the low-drag cowl made the drag of the air-cooled engine comparable to that of 
the high temperature liquid-cooled engine and external tunnel radiator. As 


FIG. 7. 


Engine cowl flaps. 


power increased, corresponding additions were made in radiation surface, by 
reducing the pitch of the fins and increasing their length. 

The latest improvement has been to direct and control the cooling air flow 
by means of close or pressure baffles around the cylinders and adjustable trailing 
edge flaps on the cowl, as shown on Fig. 7. This gradual evolution of the 
direct system has so far kept pace with the demand. However, it is no longer 
feasible to increase the fin area materially, so that further improvement must 
come from increasing the mass flow of air over the cylinders. There is every 
indication that blower cooling, as this might be termed, will permit carrying the 
power of air-cooled engines considerably higher. 

Fundamentally, heat dissipation may be improved by increasing the mass flow 
of either the air or liquid over the combustion chamber. For maximum output 
and minimum consumption, it is essential to maintain uniform temperatures over 
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all of the combustion chamber and that portion of the cylinder traversed by the 
piston. As it is perhaps easier to do this with liquid than with air, this may be 
a deciding factor. The air-cooled cylinder has the advantage of greater tem- 
perature difference between cooling air and cylinder, but corréspondingly profits 
less from the reduced atmospheric temperature at altitude. Further improve- 
ment in liquid-cooling centres on the elimination of thermal stresses in the 
cylinders and on better provision for heat transfer from the exterior surface of 
the combustion chamber to the cooling medium. A great deal can be accom- 
plished along these lines by applying the lessons already learned from air-cooling. 

Only approximately 50 per cent. of the combustion chamber can be cooled by 
the cooling medium flowing over it. The accompanying table shows a percentage 
analysis Of a 54in. by 5$in. cylinder with both two and four poppet valves and 
with a sleeve valve. A compression ratio of 7:1 is assumed, and two 18 mm. 
sparking plugs. 


DISTRIBUTION OF INTERIOR COMBUSTION CHAMBER AREA 


(S$IN. BY 541N. CYLINDER). 


Two Valves Four Valves Sleeve 

Spherical Head. Roof Head. Valve. 

Valves “53, hizo 2525" 

Balance of combustion chamber ... 41.4 46.5 37-6 

Total of heat exposed area 100% 107% 116% 


* Exposed portion of sleeve with piston at top centre 


As will be seen from this table, the piston head is the largest area in the 
combustion chamber which is not cooled by the slipstream. The major part of 
its heat dissipation is through the piston rings to the cylinder barrel. For this 
reason, the number of rings has increased as power and temperature have been 
raised. The balance of the piston cooling is accomplished principally by oil 
thrown off the cranks. Fins were first added to the underside of the piston heads 
and then to the piston skirts to improve this cooling, as shown on Fig. 8. It is 
this heat flow to the lubricating oil which accounts for the steady increase in size 
of oil coolers. 

The valves also account for a considerable portion of the combustion chamber 
area. Since the inlet valves are cooled by the incoming mixture, the uncooled 
valve area is approximately one-half that shown in the table. The introduction 
of the hollow chemically-cooled exhaust valve has been the greatest single 
improvement in valve cooling. Originally only the stem was cooled, but now a 
forging technique has been developed which permits making the entire valve 
head hollow. This is illustrated in the evolution of our exhaust valves as shown 
on Fig. 9. 

The problem of sparking plug cooling is becoming serious and is made more so 
by the necessity for using shielding for proper radio communication. Some 
improvement has been obtained by reducing the plug size. The length of the 
threaded portion of the plug in the cylinder has been increased along with the 
reduction in diameter. This has definitely reduced the plug temperatures and a 
still further improvement has been made by locating the electrodes in a pocket 
rather than in the combustion chamber itself. There is the further difficulty that 
plugs which operate satisfactorily at high output are likely to foul with oil when 
idling. All in all, we appear to be fast reaching a limit and a more positive 
means must soon be provided to cool the sparking plug. 
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SUPERCHARGERS. 

Superchargers, when first introduced, were used solely to restore sea level 
power at altitude, as the fuels then available would permit little or no eround 
boost. Pressure supercharging has now become necessary to increase ‘take-off 
power, as well as for altitude operation. The present commercial practice is to 
use an engine-driven centrifugal supercharger placed between the carburettor 
and the cylinders. This location has been dictated principally through con. 
siderations of mixture distribution in the radial type engine, although it has the 
additional advantages of compactness and simplicity of drive. With such 4 
system the use of an inter-cooler is practically prohibited. The amount of boost 
is limited, in the absence of an inter-cooler, by the temperature of the mixture, 
which is, in turn, a function of the peripheral speed of the impeller. Two-speed 
drives have been emploved to reduce the impeller tip speed near the ground 
where the air temperature is higher. Unfortunately, in this type the improve. 


&. 


Piston evolution. 


ment in performance at the lowest and highest altitudes is more than offset by 
the reduction in performance at the intermediate altitudes where most com- 
mercial operations are carried out, and in particular where excess emergency 
and take-off powers are required. Fig. 1o illustrates the normal and available 
powers of engines equipped with single-stage superchargers with both single- 
and two-speed impeller drives. Cruising powers are, of course, available to 
much higher altitudes than those shown for normal powers, but here again the 
two-speed arrangement is somewhat at a disadvantage, as the fuel consumptions 
are greater at those altitudes where it is necessary to use the higher gear ratio. 
There is little hope of further improvement in single-stage supercharging 
without the use of an inter-cooler. The practical way to employ one on a radial 
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engine with carburettor is to use a two-stage supercharger and place the inter- 
cooler between the stages. Such a system provides for the decided increase in 


level boost which will be required if transport operations are to be carried to materially 
round higher altitudes. Where the supercharger is not required for distribution, as in 
ke-of some types of in-line engines, the cooler may be placed between the supercharger 
wes and the carburettor by locating the supercharger ahead of the carburettor. 
—— The ideal system for any engine type would be one in which the amount of 
= supercharging could be regulated to fit each operating condition and altitude. 
is the This requires that an infinite number of impeller speeds be available for a fixed 
ich a impeller and diffuser combination. Furthermore, it should be possible to use 
boost an inter-cooler without interfering with distribution. The exhaust-driven turbo 
xture, supercharger, when used with suitable distribution or direct fuel injection, 
Speed essentially meets these requirements and may, therefore, become attractive for 
round commercial use. It has the added advantage of reducing exhaust noise. 
rove High altitude transport operation will require the use of either an engine- 
driven two-stage or an exhaust-driven turbine. Consequently, a comparison 0! 
these two systems is of interest. Comparative curves are given on Fig. 10, 
assuming cruising Operation at 25,000 feet. Both arrangements provide surplus 
power for take-off and emergency use beyond that which can be safely utilised in 
| | 
| 
| 
| 
| 
| 
| 
| 
Exhaust valve evolution. 
continuous service. Little or no experience has been had with either system in 
commercial operation as yet, so that it is difficult to evaluate the eventual trend. 
Generally speaking, the turbine may be preferred because of its flexibility and 
absence of restriction On the critical altitude. 
SPEED OF OPERATION. 
Operating speed is limited both by the valve gear and by the crank pin loading. 
"—* Continued refinement of the poppet valve mechanism has thus far enabled it to 
ae keep pace with the requirements. One of our two-row engines with 5}in. bore 
an 's rated at 2,700 r.p.m. for take-off, which is illustrative of what may be accom- 
lable plished with two valves per cylinder when operated by push rods. The type of 
ngle- gear in which the cams operate directly on the valves is the best for maximum 
i speed. It is, however, more applicable to the in-line engine than to the radial. 
: the On the whole, there seems little opportunity of much further increase in poppet 
ans valve speeds for a given valve size. 
i The connecting rod bearing loads, especially in the radial type of engine, are 
ging becoming a limiting factor. These increase directly as the mass of the rotating 


Portion of the connecting rod system and as the square of the speed. Practically 


| 
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no reduction in loading can be made by increasing the bearing areas beyond; 
certain point, as the added rod weight nullifies the possible gain. Furthe 
improvement must be made, therefore, by reducing the weight of the connecting 
rod systein and through better types of bearings and bearing alloys. 


SPECIFIC FUEL CONSUMPTION. 

Specific fuel consumptions of 0.46 lb./b.h.p. hr. are being maintained by oy 
single-row engines in transcontinental service. These engines are being operate 
at an average of 75 per cent. of rated power, with 80 octane fuel and 6: 1 com. 


SUPERCHARGER CHARACTERISTICS 
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Supercharger characteristics. 


pression ratio. The two-rows on the transpacific run are averaging 0.44 at 4 
somewhat lower percentage of their rated power with 87 octane fuel and 65 
compression ratios. Both the transcontinental and transpacific engines art 
equipped with automatic mixture controls. As far as I am aware, these figurts 
are as good as have yet been achieved in transport service with either air- of 
liquid-cooled engines. 

Continuous operation at the minimum consumption involves serious cooling 
problems for the engine designer. Exhaust valve, sparking plug, and piston hea 
temperatures become critical under these conditions and piston erosion is likel 
to be encountered. It is for this reason that the extremely low specific com 
sumptions which can be demonstrated on the dynamometer are not yet necessaril: 
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feasible in commercial operation. The cooling problem now is actually more 
acute at cruising powers with low fuel consumption than at take-off or in climb. 

As is well known, figures on specific consumption obtained in flight are subject 
to considerable error. This is primarily due to the lack of accurate information 
on the power being developed. It has been customary to estimate the power 
from the manifold pressures; this is unfortunately an uncertain method. The 
need for an accurate method led to the development by Pratt and Whitney of 
their new torque meter. In principle, this consists of an hydraulic means of 
measuring the torque reaction on the fixed gear of the propeller reduction. With 
this device, power readings are precise within 1 per cent. 


EFFECT OF COMPRESSION RATIO 
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Effect of compression ratio. 


COMPRESSION RATIO. 

The most promising method of obtaining lower specific consumptions is by the 
use of higher compression ratios, as is shown on Fig. 11. The progress in this 
(irection has been slow because of the detonating limitations of fuels and the 
destructive effects of the accompanying higher explosion pressures. Ratios at 
east up to 9:1 afford material reductions in consumption, after which the 
improvement cOmmences to taper off. In the United States, ratios of 64 to 7 
aré now standard for 87 octane fuel. Presumably, the use of 100 octane will 
ultimately permit the use of ratios of 7} to 8 with a corresponding reduction in 
‘uel consumption. The sleeve valve may eventually be capable of even lower 
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consumptions, as it is generally conceded that it enables the use of one intege; 
of compression ratio higher than can be used by a poppet valve operatiny on th 
same fuel. An incidental advantage of the higher ratios is the improvement jy 
power of approximately 5 per cent. for each added integer of compression ratio. 
However, if increased power alone were required, it would be better to secure } 
with boost, since the maximum pressure would be lower. 


DISTRIBUTION. 

The equal distribution of the charge to the various cylinders has a definite 
bearing on fuel consumption, as the leanest cylinder limits the performance » 
the entire engine. Supercharging has generally improved distribution becayg 
of its effect on the temperature of the charge, while in the radial engine ther 
has been a further improvement due to the symmetrical nature of the intak 
system, which is centred on the impeller. This, no doubt, partly accounts {o; 
the excellent consumptions referred to in connection with our radial engines, 
Direct fuel injection holds promise of a possible further improvement in this 
direction. 


BEST ECONOMY-SPECIFIC FUEL CONSUMPTION 
6.5.1 COMPRESSION RATIO -87 OCTANE 
MAXIMUM SINGLE STAGE SUPERCHARGING 


SPECIFIC FUEL CONSUMP TION 
LBS.PER BHP PER HR 


42 340 380 420 460 500 540 580 620 | 
BRAKE HORSEPOWER | 


Fic. 12. 


Best economy fuel consumption. 


Minimum fuel consumption cannot be maintained in service by manual adjust 
ment of the mixture control, due to the need for frequent re-setting, and bec 
it is as yet impossible to determine accurately the engine operation conditions 
The exhaust gas analyser is not, therefore, a particularly helpful solution for tht 
commercial pilot, since it still leaves the actual setting of the mixture controls 
to him. To meet this requirement Pratt and Whitney have developed an auto 
matic mixture control,4 and indications are that similar equipment will be 
required on all future engines where continuous economical operation is desired. 

The use of the constant speed propeller makes possible the operation of th 
engine at the most advantageous combination of speed and mean effective pres 
sure for minimum fuel consumption. We have found that the best results at 
obtained by keeping the mean effective pressure reasonably high and lowering 
the speed, since this in effect improves the mechanical efficiency. ‘This conditio" 
is illustrated graphically by Fig. 12. 


aust 


4 Guy E. Beardsley, Jr. ‘‘ An Automatic Power and Mixture Control for Aircraft Engines 
S.A.E. Journal, August, 1935. 
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SLEEVE VALVE. 

Mention should be made of the single sleeve valve as a possible improvement 
of existing types. Its principal advantage lies in reducing the maximum com- 
yystion chamber temperature through elimination of the exhaust valve. As 
aiready mentioned, this permits the use of approximately one integer more of 
compression ratio with a given fuel, which results in improving the output and the 
fyel consumption as shown by Fig. 11. It is doubtful whether the sleeve valve 
ives materially better volumetric efficiency than can be obtained with poppet 
valves, due to the limitations of sleeve travel and the flow characteristics of the 
ports. It has, however, another important advantage, namely, its ability to 
operate at higher speeds due to the positive motion of the sleeves. This feature 
yill become particularly important whenever engine operating speeds exceed the 
apabilitics of the spring-returned poppet valve now in general use. 

The development of the single sleeve valve has been relatively slow, due 
orimarily, | believe, to the difficulty in fabricating suitable interchangeable sleeves. 
Thanks to the encouragement of your Air Ministry and the splendid work of 
Mr. Ricardo and Mr. Fedden, there is now widespread interest in the single 
Jeeve valve. It is a foregone conclusion that this will greatly accelerate its 
development and the final evaluation of its merits. 

The trend of development of the present standard engines is definitely toward 
somewhat smaller cylinders operating at higher speeds with greater boost. The 
result of such development will be smaller, more compact engines which will 
provide greater thrust power in relation to their form drag. Improved smooth- 
ness Of operation will be achieved by the use of lighter reciprocating parts and 
higher crank speeds. These new power plants will not only insure higher air- 
glane performance but also longer life and lower operating cost. Continuous 
ruising powers of 7co to 1,200 h.p. will no doubt soon be available from our 
present engine types, with take-off powers at least 35 per cent, in excess of these. 


FUTURE REQUIREMENTS. 


We must anticipate now the day when power requirements will exceed the 
apabilitics of the existing standard engine types. To do so intelligently requires 
that we analyse the powers likely to be required and the influence of the power 
plant on the aerodynamic efficiency of the aeroplane as a whole. The total power 
required is influenced both by the size of the aeroplane and by the cruising speeds 
that must be maintained. This is illustrated on Fig. 13, which shows power 
requirements of typical four-engined landplanes of similar design and equal wing 
oading. It is evident that much greater power will be required whether the trend 
s toward larger aeroplanes cruising, let us say, at 200 m.p.h., or to somewhat 
smaller craft to be operated at higher speeds. Much greater aeroplane speeds can 
de provided, but there is a question as to whether such equipment could be made 
profitable. .\ balance must be struck among speed, size, and revenue, as has 
been the case in other forms of transportation. It is not my intention to 
prognosticate on the rate of aeroplane development, but simply to show by this 
drief review the imminent need for engines of considerably greater power. 


\UMBER OF ENGINES PER AEROPLANE. 

Engine size is influenced by the number per aeroplane, while the power required 
per engine in a particular aeroplane depends both on the schedule to be met and 
on the safety factor. Dependable service is synonymous with reserve power. 
Lines with schedules requiring from 75 to go per cent. of the rated power of the 
engines are late 50 per cent. of the time, while the periods between overhauls are 
more or less inversly proportional to the percentage of power used. This situa- 
tion has led to designing the new equipment so that it will normally meet the 
required schedule with 65 per cent. of the rated power. The reserve power 
thus provided is the best possible insurance for maintaining schedules under 
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adverse weather conditions. Two engines are, in my opinion, the very minimym 
that should be employed in transporting passengers, as the minimum requirement 
for safety is at least 50 per cent. of the total engine power at all o perating 
altitudes. A four-engined machine designed to meet the required schedules with 
65 per cent. of its rated power has 15 per cent. reserve for bad weather with one 
engine dead. Six engines may ultimately be preferred for transoceanic scrvice op 
account of the added safety. Design considerations may also favour this 
arrangement, as it permits of better distribution of load and stress in the Wing, 
as well as of minimising the weight and size of the propellers. The take-of 
conditions are definitely improved, since there is a more complete coverage of the 
wing area with slipstream. 


RELATION OF CRUISING POWER TO AIRPLANE SPEED | 
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Relation of cruising power to aeroplane speed and weight. 


Assuming that land transports of at least 100,o0olb. will be required in the 
not-too-distant future with cruising speeds of at least 225 m.p.h., or owen. 
smaller craft cruising at higher speeds, a total cruising power of 5,000 b.h.p. | 
needed. This means that engines of at least 2,300 take-off power will be pe: 
based on four per aeroplane and on the present practice of cruising with 65 per 
cent. of rated power. Even larger engines are likely to be required in the same 
period for flying boats. The importance of take-off power on the amount of pay 
load which may be carried has led us to give each engine a take-ol! rating 0! 
approximately 20 per cent. in excess of its standard rating. Normally this iS 
required but for a few minutes, but I feel that its use should not be limited in 
an emergency and that it should be available at the highest fields on the route. 
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PowER PLANT 


Operators, although keenly aware of the advantages of low specific consump- 
tions, sometimes overlook the much more significant index of fuel expense and 
weight per ton-mile. The total power being employed to maintain the schedules 
is, after all, likely to influence fuel costs and weight even more than does the 
specific consumption. The aeroplane itself is now particularly clean, so that what 
hitherto were minor losses have become major. In this category are the form 
and cooling drags of the power plant. Our studies show that these two items 
absorb approximately 25 per cent. of the thrust horse-power for a 48,ooolb. 
aeroplane with air-cooled engines and conventional cowls and a cruising speed of 
225 m.p.h. at 10,000 feet. Form drag depends largely on the cross-sectional area 
of the cowl surrounding the engine. Consequently, it seems reasonable to sup- 
pose that the form drag of the radial is greater than that of the in-line in the 
relation of perhaps 3 to 1. On the other hand, the cooling surfaces for the 
radial are part of the engine itself, while liquid cooling requires a separate 


WING SECTIONS FOR FOUR- ENGINE TRANSPORT LANDPLANES 
SECTIONS TAKEN AT OUTBOARD ENGINES 


~ 


A- FOUR ENGINES OF 1000 HP. EACH. AIRPLANE 
GROSS WEIGHT 48000 POUNDS 


B- FOUR ENGINES OF 2000 H.R. EACH. AIRPLANE 
GROSS WEIGHT 96000 POUNDS 


Fig. 14. 
Wing sections for four-engine transport landplane. 


radiator which may add not only cooling drag, but form drag as well. In most 
installations to date these additions make the total power plant drag of the 
liquid-cooled engine practically as great as that of the air-cooled. 

The engine form drag can be nearly eliminated by placing the engines entirely 
inside the wing. Unfortunately, the wing thickness and taper ratios of modern 
aeroplanes, as dictated by aerodynamic and structural considerations, do not pro- 
vide sufficient room, particularly for the outboard engines. This is illustrated on 
Fig. 14, which shows wing cross-sections at the outboard engines for two land 
transports with four engines of a total of 4,000 and 8,000 h.p. respectively. The 
solid lines represent normal sections, and the broken lines show the aerofoils that 
would be necessary to house suitable engines. As will be seen from the dimen- 
sions, there is insufficient room for even the flattest of power plants within the 
normal wing section, although this difficulty diminishes as the aeroplane becomes 
lager. The situation is somewhat better in the case of flying boats with their 
higher power loadings. A possible solution for the landplane is the use of 
thicker sections which will increase the local profile drag of the wings by about 
jo per cent. for the smaller ship and 15 per cent. for the larger, but since the 


| | 
26 | 
13. 
| 
| 
| 
| 
—== 
| 
|| 
| 


1016 G. J. MEAD. 


were so designed and located as not to cause interference or form drag. The 
total power plant drag in such cases would then be influenced principally by the 
cross-section of the engine and its effect on the form drag. 

It should be noted that, despite the periodical controversy over the merits 9j 
air- and liquid-cooling, the performance of similar aeroplanes with the two systems 
has been comparable. Improved radiators and better location are reducing the 
drag of the liquid-cooled system. It is possible that this improvement will be 
offset by the decided reduction in frontal area atforded by the two-row air-cooled 
engine and the improvement in its cooling technique. In any event, there is q 
decided opportunity for reducing the power plant drag with both the air- and 
liquid-cooled types of engine. It seems reasonable to expect that at least half 
of the drag of present commercial installations can be eliminated, which will mean 
a reduction in power required of some 12 per cent. 


PROPELLERS. 
A propulsive efficiency of 88 per cent., although possible of achievement under 


proper conditions, is readily impaired, with consequent penalty to operating 
expense. It is, therefore, important to provide adequate propeller diameter and 
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Various propeller arrangements for 4,000 and 8,000 horse-power aeroplanes. 


properly designed blades turning at the most efficient speed and in the optimum 
location. The curves of Fig. 15 give an idea of the appropriate diameter and 
weight of suitable three-blade constant speed propellers for aeroplanes cruising 
at 225 m.p.h. at 10,000 feet with 60 per cent. of their take-off power. Taking 
the case of an engine with 2,000 take-off horse-power, it will be seen that an 
18-foot propeller is required, which weighs approximately 8o0olb. The curves 
of Fig. 15 show that the weight of metal propellers is increasing rapidly with 
diameter. For this reason, intensive development work is being carried on 
which gives promise of reducing this weight by approximately a third, as shown 
by the dash line. The diameter of the propellers required by the large engines 
is sometimes disturbing to aeroplane designers accustomed to thinking in terms 
of much smaller sizes. The increasing aeroplane size, as indicated by Fig. 16, 
tends to offset the disadvantages that might at first be contemplated. 

Various arrangements have been proposed to reduce the distance from the 
centre line of the aeroplane to the outboard propeller, such as gearing two or 
more engines to one shaft or employing double concentric propellers. The use 
of a single large propeller driven by two or more engines gives the maximum 
propeller diameter and weight. The double concentric arrangement gives the 
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minimum propeller diameter and weight. Unfortunately, the take-off thrust is 
seriously impaired because of the inadequate disc area. The most efficient 
arrangement seems, therefore, to be a single propeller of adequate diameter for 
each engine. 


WEIGHT. 

The weight of the complete power plant contributes to the total drag of the 
aeroplane, due to its influence on wing area. Weight alone is, however, not the 
true criterion, but rather its effect on the overall efficiency of the aeroplane. The 
constant speed propeller is illustrative of this, since it weighs 20 to 60 per cent. 
more than the fixed-pitch, but permits taking off 10 to 30 per cent. greater gross 
weight. 
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FIG. 17. 


ffect of bore on engine performance. 


The dry engine weight of a modern air-cooled transport engine complete and 
ready to run, as equipped for commercial service, is approximately 1.30lb. per 
take-off horse-power. I gather from the published data on liquid-cooled engines 
that a comparable figure for them is 1.60lb. In this connection it may be noted 
how little the engine weights for a given power are influenced by type, providing 
each is thoroughly developed for the same service. Actual dry weights of 9 and 
14-cylinder air-cooled, as well as of Vee and flat 12-cylinder liquid-cooled engines, 
are as a matter of fact quite comparable, probably due to the difference in dis- 
placement required. Some astonishingly low weights have been published, but 
experience indicates that the weights come into line as these power plants are 
developed to give satisfactory service. The specific weight has decreased slowly 
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in recent vears, as indicated by Fig. 2, due to the addition of propeller reduction ” 
gears and superchargers, and the insistence on longer periods of operation 
between overhauls. t 

I see no real opportunity. for materially reducing the specific engine weight 
at the moment. As a matter of fact, it may be necessary to increase it to secure f 
the minimum cruising fuel consumption. On the other hand, it is a foregone “ 


conclusion that, if such increases are adopted, they will be justified by reducing i 
the operating cost per ton-mile. ’ 

Summing up the future requirements, it is evident that we must be governed ; 
by the present demands and past trends as to the powers likely to be neccessary, f 
Some operators are already thinking in terms of 1,500 to 2,000 h.p. engines, : 
This might be interpreted to mean that such engines will be needed within the ¢ 
next five years, while power plants of twice these powers are not far off if the s 


recent trends are continued. The analysis of power plant drag shows the t 


importance of making these big engines of such shape that they may be stowed ‘ 


Connecting rod evolution. 


away in the wings or, where this is not practicable, have the minimum form drag 
when acting as propeller supports. With these points in mind it would seem 
in order to consider the requisite engine types. 


ENGINE TYPES FOR GREATER OUTPUT. 

Engine development to date has been concerned mainly with the in-line and 
the radial. Adherents of the former have worked on the principle of the maxi- 
mum number of crank pins per shaft, while the latter devoted their initia! efforts 
to the maximum number of cylinders per crank pin. The requirements for 
greater power and consequently more displacement have forced both groups to 
the consideration of other types in which a greater number of cylinders can be 
employed. This has raised the question of the optimum size of cylinder, the 
number that may be used per engine, and the cylinder arrangement. 


CYLINDER SIZE. 


Cylinder dimensions are a compromise between displacement and operating 
speed to secure the maximum output per litre consistent with reasonable cost. 
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The maximum size of cylinder has probably already been reached and the trend 
is definitely toward smaller bores, as previously noted. The fundamental advan- 
tage of the smaller cylinder is its greater output per litre, as shown on Fig. 17. 
This is primarily due to the reduction in the reciprocating weights which, in turn, 
permits higher operating speeds. A further advantage lies in the improved 
cooling resulting from the shortening of the heat flow paths. This permits 
greater boost for a given fuel and consequently still further increases the output. 
No attempt has been made to evaluate this factor in the curve, because we have 
as yet inadequate information on cylinders of similar design covering a sufficient 
range Of bore. In view of the experience gained in building engines with 
cylinders ranging in bore from sin. to 6}in., I am of the opinion that the 5hin. 
cylinder makes the best compromise at present between output and cost. This 
size is therefore considered as the optimum in the following discussion of engine 
types. It is helpful, in this connection, to consider an output of 100 h.p. per 
cylinder. This is equivalent to 47 h.p. per litre, which will no doubt be achieved 
within the next five years. The trend will undoubtedly be toward even smaller 
cylinders, as their increased performance justifies the added cost. 


109. 


Comparison of crankshafts. 


ConNECTING Rops. 


The number of cylinders per pin is determined by the permissible connecting 
trod design and by the crank pin bearing loads. Nine cylinders are the most 
that can effectively be used with a solid master rod. Seven cylinders are the 
limit with a split rod, due to the lack of cross-section between the split and the 
adjacent knuckle pins, as well as to the difficulty of making satisfactory provision 
ior the clamping bolts. This condition is illustrated on Fig. 18, showing the 
evolution of our two-row master rods. The permissible number of cylinders is 
also influenced by the crank pin loads, particularly as the operating speeds are 
raised ; this consideration tends further to reduce the number of cylinders per pin. 
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CRANKSHAFTS. 

Present practice indicates that at least six throws per shaft may be satisfac. 
torily used. However, even the six-throw shaft presents a difficult problem in 
an engine of high power, due to torsional vibration. This condition is somewhat 
improved where a relatively large number of small cylinders are used, operating 
at high crank speeds. The fact remains that the forces are considerable and that 
the wind-up in the shaft is proportionate to its length. For this reason, a greater 
number of throws still further complicates the problem. Failures of crankshafts, 
reduction gears, accessory drives, and even propellers have led to a thorough 
study of the torsional vibration problem. In the United States we are working 
to variations of plus or minus 3° within the operating range of speeds and powers 
of our single- and two-row engines. It is doubtful whether sufficient experience 
has yet been accumulated to say definitely whether this requirement is too severe 
or not. All we do know is that the torsional vibration difficulties previously 
experienced have disappeared when working within these limits. Presumably 
somewhat larger variations will have to be permitted for shafts with a greater 
number of pins. 


| 


EFFECT OF CYLINDER SIZE 


FIG. 20. 
Comparison of nine- and 14-cylinder engines. 


A built-up crankshaft would permit the use of a greater number of cylinders 
per pin providing such a shaft could be made equivalent to a solid one. Our 
experience with built-up single-throw shafts may be of interest in this connection. 
The original and latest designs are shown in Fig. 19. Although the original 
shaft was satisfactory for 4oo h.p., failures were experienced in the rear cheeks 
as the rating was increased, and galling or fidgeting caused cracks in the mating 
surfaces. To overcome these defects, the design was revised as shown, including 
the introduction of vibration dampers consisting of steel rollers inserted in some- 
what larger cylindrical openings in the counterweights. Shafts of this design 
give every indication of lasting the life of the engine, even though the power 
has been increased by nearly 50 per cent. Another type of split single-throw 
shaft is exemplified in the Bristol clamp type. It should be noted that in both 
these arrangements comparatively little torque is carried through the split. With 
two or more throws, a considerable amount of torque will have to be transmitted 
from one portion of the shaft to another. Experience, especially in service, is 
as yet too limited to evaluate the capabilities of the built-up multi-pin shaft. 
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BALANCE AND TORQUE. 

Good mechanical balance and uniform torque are essential in any engine. 
These factors are becoming more important with the larger power plants on 
account of their effect on the life of the engine and the propeller. Propellers 
which have satisfactory fatigue characteristics when run with an electric motor 
have to be made considerably heavier to give equal durability when driven by 
an internal combustion engine of the same power. Torque variations have also 
been found to have a decided influence on propeller life; this means that the 
propeller weight can be reduced with an increased number of cylinders. 


NuMBER AND ARRANGEMENT OF CYLINDERS FOR A SPECIFIC OUTPUT. 

The most satisfactory power plant from the standpoint of all-around perform- 
ance and operating cost is that with the requisite number of optimum size 
cylinders for the given output. The use of the minimum number of maximum 
displacement cylinders, although reducing the first cost, gives a comparatively 
rough running engine with a shorter life and usually with the maximum frontal 
area. 


TORQUE CHARACTERISTICS 
9 CYLINDER AND 14 CYLINDER ENGINES 
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Nine- and 14-cylinder engine torque curve. 


The effect of the number of cylinders on displacement and frontal area may be 
illustrated by the concrete case of a nine-cylinder single-row versus a fourteen- 
cylinder two-row, both developing the same power with the same mean effective 
pressure. Assuming that nine 63in. square cylinders are required for the single- 
row with a total displacement of 1,726 cu. in., it will only be necessary to use 
sin. square cvlinders in the two-row with a displacement of 1,375 cu. in. The 
reduction of 20 per cent. in displacement is due to the increased operating speed 
of the smaller cylinders. A reduction of r11in. in diameter is provided by the 
two-row, or a decrease in frontal area of 36.6 per cent. This is illustrated in 
Fig. 20. The comparative torque of the two engines is illustrated in Fig. 21, 
which shows the decided increase in smoothness of the fourteen-cylinder engine. 

The method of arranging the cylinders to a large extent determines the cross- 
section. The arrangement is influenced by the need of good balance, even 
torque, satisfactory cooling, uniform distribution, and reasonable bearing loads. 
These requirements may be met with various arrangements of cylinders. The 
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choice ranges from short engines with large frontal area to long engines with 


small cross-section. Fig. 22 shows four radial combinations of the optimum 
cylinder and three in-line arrangements. The frontal areas are indicated in per 


cent. of that of the nine-cylinder radial which gives the greatest displacemen 


S.CYLNDERS 7. CYUNDERS 9 CYLNDERS 
FRONTAL AREA = 90% FRONTAL AREA= 927% FRONTAL AREA = 100 % 


24CYLNOERS 
FRONTAL AREA = 392 FRONTAL AREA = 7/2 FRONTAL AREA = 84% 
EF AREA | 


UCYLNDE: 
FRONTAL AREA = 


CYLNOERS 
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FRONTAL AREA = 64 2 FRONTAL AREA=96 Z% 


FIG. 22 
Comparison of engine types. 


per crank pin for its projected area. It should be noted that the form drag 0! 
the radial types is influenced by cylinder size and not particularly by the number 
of cylinders per row, while the drag of the in-line is affected by the number 4 
banks, in addition to the cylinder size. Since the total number of cylinders ‘s 
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not a factor, it follows that the form drag of the larger engines is comparatively 
small per horse-power. The radial combinations lend themselves to use as 
propeller supports, due to their cylindrical shape, while the more rectangular 
cross-section of the H and X makes them desirable for submersion in the wing's. 
Radial combinations of at least thirty cylinders appear feasible, while in-line 
engines Of twenty-four cylinders have already been built. Undoubtedly, ways 
and means can be found to employ even greater numbers of cylinders whenever 
these become necessary. 


McttI-SHAFT ENGINES. 

Greater power may be secured by the combination of two or more engines in a 
single unit. Two ways of accomplishing this are illustrated by the Fiat racing 
engine, type AS-6, and the Napier Halford Dagger. The Fiat is virtually 
two twelve-cylinder engines placed back to back with a gear box between them. 
Two concentric propellers, one for each engine, are driven through offset gearing 
and concentric shafts. In the Napier we have a combination of two flat twelves 
united by a common crankcase and driving a single propeller through spur gears. 
Both these arrangements furnish means of utilising a greater number of crank 
pins and therefore increasing the displacement, and consequently the output. 


CONCLUSION. 

The general trend in engine development continues steadily toward ever- 
increasing Outputs per litre, with the consequent effect of improving the take-off 
powers and reducing the engine size in the geometric sense. There is reason to 
believe that the rate of progress of the past decade can be maintained, providing 
our invaluable allies, the chemist, the metallurgist, and the fuel technician, can 
keep pace with our needs. 

The development of the present standard types definitely tends toward smaller 
cylinders for the higher outputs. This, combined with the general acceptance 
of the two-row type for the higher powers, has effected a decided reduction in 
frontal area per horse-power. From the standpoint of performance, take-off 
powers of 1,500 to 1,80c h.p. seem feasible in the period immediately ahead. 
The ever-increasing importance of operating costs has concentrated attention 
on this most vital performance characteristic. As a result, great strides have 
been made in reducing the specific fuel consumption, and there is evidence that 
service consumptions of o.4o lb./b.h.p. hr. may be achieved within the next few 
years. 

The evident future needs for engines of from 2,000 to 3,000 h.p. has focussed 
attention on other types in which additional displacement may be_ provided 
through the employment of a greater number of cylinders. Two new engine 
types may result, namely, the cylindrical or multi-row radial and the rectangular 
or lat multi-bank in-line. The form drag of these types need be no greater than 
for present day power plants, despite their decidedly greater output. 

Continued improvement in engine cooling has reduced the drag of both the 
air- and liquid-cooled systems and there appear to be still further opportunities 
of betterment. The combined reductions in power plant drag may well result 
in cutting the fuel bill by as much as to per cent., which, combined with a 
possible further improvement in specific consumption, gives hope of a net saving 
of 15 to 20 per cent. The importance, therefore, of power plant drag as well 
as specific consumption is evident in evaluating over-all efficiency. 

There is every reason to believe that our future engine, as well as aeroplane, 
development must continue to be a steady step-by-step process, keeping pace 
with our knowledge, rather than a sudden advance to much larger equipment. 
Asin the past, each gain must be consolidated by thorough and painstaking tests 
before further progress is feasible both from an economic and an engineering 
standpoint. The problems confronting the designer are more complex than ever 
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before and require both greater time and greater expense for their solutions, 
Fortunately, the aviation industry has passed through its pioneering days and 
is nOw equipped with personnel and experience to deal effectively with these 
problems. It may truly be said that aviation has at last settled into its stride, 
For this reason, I do not hesitate to affirm that power plant development ¢a 
and will keep pace with requirements. 

In closing, I wish to express my gratitude to the various friends who hay 
aided me with information and their counsel, and especially to members of oy; 
engineering staff who have been of such invaluable assistance. I also wish to 
draw attention to the debt that commercial aviation in the United States owes 
to our Army Air Corps and Naval Air Service. Without their continued support 
and encouragement our technique would hardly have progressed to the point 
where such developments as I have outlined would be feasible. 


DISCUSSION. 
. 

The CuarrMan: Mr. Mead had given a very interesting and comprehensive 
review of the power plant problem at the present time. Two general points 
occurred to him which he would like to mention in the hope that they might 
stimulate some further remarks during the discussion. ‘The first one was that 
Mr. Mead, as he had indicated in introducing him, started off by having the 
designers’ and constructors’ experience of engines, and he was also interested 
in the the air transport problem in the United States, and therefore had been 
able to give a paper from the point of view of civil air transport in a way which 
no one in this country could do, because they had not the experience of air line 
operation. It had been suggested from time to time that engine development 
in this country had been too much dominated by the exigencies of the military 
problem, and it was therefore interesting to find how very similar the lines of 
development were in the *U.S.A. and in this country. The present problems of 
power plant development in the United States, when viewed by a man of Mr. 
Mead’s experience from the civil air transport point of view, were hardly 
distinguishable from our own. 

The other point that had occurred to him was the difficulty of foreseeing what 
was really going to happen in the development of power plants for aviation. It 
seemed to him to. have reached at the present time an exceptionally interesting 
point. The author had said that the trend of high power engines was towards 
the use of smaller cylinders, because it was possible to get a greater power per 
litre, and experience in this country was the same. Was that a process which 
could go much further? He believed that the number of separate parts in the 
average cylinder of an aviation engine was of the order of 150, and if the only 
way of increasing the power was by multiplying the cylinders, then imagination 
boggled at the complexity of an engine which was designed to give something 
like 3,000 h.p. Moreover, 3,000 h.p. was not really the point at which they wanted 
to stop. He knew that aircraft designers were already murmuring about power 
units of 5,000 h.p. He would leave other members of the audience to suggest 
how that problem was really going to evolve and how the solution of it was going 
to be found. Personally, he found it extremely difficult to envisage engines 0! 
the present general type, as they knew them to-day, with more than double their 
present power. 

Mr. Feppen (Fellow, Member of Council): He felt it a great privilege to have 
listened to such a remarkable review of power plant development by Mr. Mead, 
and it was a great pleasure to him to thank Mr. Mead publicly for having come 
over from the United States to give this most excellent paper. He had a pro 
found respect for Mr. Mead’s ability and his experience in his work on radial 
air-cooled engine development. He believed it was ten years ago to a week since 
he first visited Hartford and made the acquaintance of Mr. Mead, who in person 
conducted him round the old Pratt and Whitney tool factory, where Mr. Mead 
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had just commenced his manufacture of radial air-cooled engines. Mr. Mead, 
at that time, was engaged on the manufacture of the nine-cylindered Wasp engine 
of the air-cooled radial type, one of the most classic types that had ever been 
produced, and the forerunner of an engine which everybody so much admired 
and which had been produced under the egis of Mr. Mead. Since that time 
he had had the good fortune to keep in contact with Mr. Mead and many had 
been the discussions by letter and in person during the last ten years, from which 
he had benefited very much. 

There was so much real meat in this paper that it was impossibie to enter into 
any long discussion about it, but he hoped to raise some of the more contentious 
points with Mr. Mead when he had the pleasure to meet him in Bristol in a few 
days’ time. 

Turning to the paper, Mr. Fedden said that Mr. Mead had said that sparking 
plug problems were becoming serious in America, but he would assure Mr. Mead 
that they were very serious with them also. In view of the greatly enhanced 
heat distribution qualities of ceramic material, and the work which it was under- 
stood had been carried on with ceramic materials in America concerning the 
use of this medium for sparking plug insulators, could Mr. Mead give his views 
as to the possible solution of plug difficulties with ceramic insulators ? 

Mr. Mead referred to the sleeve valve principle and he, personally, much 
appreciated the tribute that had been paid to the work done in this country on 
this engine. For sizes of cylinder suitable for aero engine work, there was 
definite evidence of the value of this principle as regards volumetric efficiency 
and high speed operation. He would also like to emphasise the value of this 
principle in multi-bank engines in respect of general neatness of arrangement, 
ease of bafling and piping and ease of production and maintenance, as compared 
with the poppet valve type. It was seldom that one was fortunate enough to hit 
upon a principle advantageous both from the technical and manufacturing 
standpoint. 

Mr. Mead called for an improvement in bearing material or bearing alloys. 
Did he look for this improvement in the development of lead bronze or was he 
expecting to see an entirely new type of material? Some interesting work had 
been going on in this country lately with cadmium alloy using an alloy containing 
1.3 per cent. nickel. 

Mr. Mead referred to low specific fuel consumption for very large aircraft 
Did he agree that the larger the aircraft and the greater the power of the engine, 
the less important was the specific weight of the engine compared with a really 
low cruising consumption? This, he believed, to be a most important point, 
and for this reason, though Mr. Mead prefaced his remarks by saying that he 
was only talking about petrol engines, he would like to ask him if any progress 
was being made with regard to the compression ignition engine in America at 
the present time. Following on this question, he noted that Mr. Mead referred 
once or twice to petrol injection. They in this country had watched with great 
interest for many years the development of petrol injection in the United States 
and had been hoping sincerely to see it come to fruition. Lately, however, he 
had rather got the impression that interest had been lost in direct petrol injection, 
but perhaps Mr. Mead could say what was the real position. Mr. Mead referred 
to propeller arrangement and weights for the high power engines which he 
envisaged in the future, and, personally, he was interested to note that Mr. 
Mead’s weight for a 2,coo h.p. propeller was almost exactly the same as they 
anticipated here. In this country they believed that propeller design was a 
greater limiting factor than engine design, and that a larger engine could be 
produced to-day more readily than a corresponding propeller. They believed 
that the propeller still comprised about one-third of the total weight of the engine 
respective of the sizé of the engine, and for this reason alone he, personally, 
Was against gearing engines to one large propeller. Indeed, he suggested to 
Mr. Mead that a more satisfactory solution might be found in increasing the 
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number of engines, because this gave a better take-off and reduced the cost of 


the power plant, thus easing the propeller. This, said Mr. Fedden, rcininded 
him of a remark made by the Chairman, that so far as he was concerned in aero 
engine development, he thought it preferable to use as big a cylinder as possible 
to produce the power required. 

Major G. P. Butman (Fellow, Member of Council): He often felt that the 
factors governing engine development were rather like a pack of cards in that 
it was necessary to make the best of what is dealt out, and impracticable to 
change the cards. (The suggestions put forward by wild inventors may complete 
the analogy in representing the joker cards which are disregarded other than jn 
games of pure speculation!) Mr. Mead had shown in an extraordinarily clear 
way what are the cards, and in listening to the paper he had felt himself likening 
Mr. Mead to a friendly adversary playing bridge seeking to determine what cards 
he held, and trying thereby to forecast the types of Pratt and Whitney engines 
which might be expected to appear in the next five years. If, as he hoped, he 
had been able to arrive at some useful deduction, he felt that as hitherto America 
and this country would go hand in hand in their engine development. In view 
of Mr. Mead’s great achievement, and deserving high standing it would be 
presumption, he felt, to criticise, or even endorse, various statements made in 
the paper. No doubt those of this country however, who were the exponents of 
the school of thought that the future lies in the direction of ** small cylinders 
and many of them ”’’ would be gratetul to Mr. Mead for the support which he 
gave it in his paper. Those holding this view have been encouraged quite 
recently by tests carried out on a Service type of engine with-small cylinders 
which for over 100 hours -had developed 47 h.p. per litre, incidentally at 4,000 
r.p.m., an output which Mr. Mead had forecast as a probable achievement in 
the future. Like Mr. Fedden, he hoped to spend some appreciable time quietly 
with Mr. Mead discussing the thousand and one details which interest everyone 
concerned in this great enterprise of engine development; he would also like, 
as the Chairman had done, to express his pleasure once more in seeing Mr. Mead 
on this side, recalling the charming hospitality he had known in Mr. Mead’s 
house. This house near East Hartford, Connecticut, gave one the impression 
of having been transported from Scotland, and if any present had been tempted 
perhaps to be a little jealous of America in possessing people like Mr. Mead, 
they might find some satisfaction in the knowledge that Mr. Mead _ was, he 
understood, at least a quarter British. 

(Communicated.)—Reperusal of the paper brings home to one the strength and 
value of its underlying theme :— 

That the potential value and balance of advantage and disadvantage of an 
new component, be it the engine, airscrew, accessory, retractable undercarriage, 
etc., must be viewed in terms of the complete aeroplane, and not as _ perhaps has 
been the custom too long here by a narrow appreciation of an individual con- 
ponent by itself. The variable pitch airscrew as a unit in comparison with the 
fixed pitch airscrew may appear, and may indeed be, appallingly heavy; yet as 
pointed out in the paper the acceptance of that extra weight may well enable 
the complete aeroplane to operate effectively under conditions of load, or from 
restricted aerodromes which would otherwise be quite impracticable. In its 
perspective, then, perhaps even more than in its detail, Mr. Mead’s contributio 
to British aeronautical thought is to be regarded with deep gratitude. 

Major F. M. Green (Fellow): He would like to welcome not only Mr. Mead 
but Mr. Chatfield who was also present, and for two reasons. The first was for 
the very pleasant times he had had in America and the second was for a mort 
personal reason. He happened to have been connected with radial engines for 
a long time—longer than he cared to remember, and the engine which was after 
wards known as the Jaguar was started at the Royal Aircraft Establishment in 
1916 and was afterwards developed by the Armstrong Siddeley firm. That 
engine had fourteen cylinders of 5 inches bore, and although it did not give 
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47 h.p. per litre it was not unlike the engines which were now being developed. 
Of course there had been a tremendous technical development in cylinder design 
since and he did not think that that engine at its best ever gave more than half 
the h.p. that it would on present day reckoning. 

Major Green asked Mr. Mead why he said that an airscrew must be one half 
its diameter in front of a plane. If this is correct it would be very heavy to put 
an engine inside the plane as the extension shaft and support would weigh quite 
alot. Again, he did not think there was much to be said for having a single 
airscrew geared on to two engines, because the weight of the gear would be 
considerable and the weight of the single airscrew would be more than the weight 
of two separate airscrews, and there would be extremely little gained. As a 
matter of fact, it was possible to design a four-engine plane with the engines 
placed on the leading edge and if there were any trouble it was possible to carry 
on with one or two engines cut out. It was a curious fact that the modern 
monoplane was very much more stable directionally than the older biplanes used 
to be and there would be no directional trouble except possibly a slight risk in 
take-off . 

It had been shown in one of the author’s diagrams that a 14-cylinder engine 
was better than a g-cylinder engine with regard to the airscrew, and the paper 
suggested the use of even more cylinders to ease the airscrew problem. There 
were, however, two other ways in which this could be done and he would like to 
know whether the author had considered any form of spring drive. Again, had the 
author considered hinging the airscrew blades? He and his colleagues had tried 
that for a considerable time and had failed because they could not make the hinge 
stand up. The loads were very heavy and the movement very small, but if that 
problem could be got over he believed it would be a very promising way to make 
large airscrews. 

Mr. F. R. Banks (Fellow): The author stated that in America they were able 
to rate fuels up to 100 octane reasonably well. They, in this country, however, 
did not seem so happily placed in that respect and were finding some difficulty in 
obtaining satisfactory correlation between knock test results, with 100 octane 
fuels employing various blending agents, and performance in full-scale aero 
engine cylinders. 

So far as the use of 100 octane fuel was concerned he believed that the principal 
difficulties in the development of engines to use this fuel would centre around the 
supercharger. It was relatively easy to further boost an engine at sea level in 
order to obtain more power with this fuel, but it was much more a problem to 
reproduce such power increases at altitude. 

American experience indicated that it should be possible to get about 30 per 
cent. more power from a given engine with roo octane fuel, due to the increased 
supercharging permitted, and this had already been confirmed by British engine 
manufacturers. It would seem to him, however, that to take full advantage of 
100 octane fuel, it would be necessary to employ a mechanically driven two-stage 
blower, or, alternatively, the exhaust turbo-blower. 

He had observed that some engine manufacturers in this country, Europe and 
also the United States, were inclined to blame the fuel suppliers for not producing 
a satisfactory method of rating fuels, but it seemed to him impossible to do this 
without the close co-operation of every engine manufacturer, because it was only 
on actual aero engine cylinders and full-scale engines that the characteristics of 
the fuel could be accurately ascertained. Even with the co-operation that now 
existed between the oil companies and the engine manufacturers it had not yet 
been possible to find a satisfactory method of rating high octane fuels and obtain- 
ing correlation in full-scale engines. It seemed quite possible that in future 

laboratory knock testing conditions would have to be varied in order to rate fuels 
according to the particular duty for which they were required in full-scale engines 
and also for different types of engine. 
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Continuing, Mr. Banks asked the author if he had any information on the 
cooling of air-cooled engines at high altitudes in the region of 25-30,000 {1 when 


using a large proportion of their rated power. He understood that there were 
certain aircraft flying in the United States with air-cooled engines fitted, experi. 
mentally, with turbo-blowers, and he would like to know if such engines could be 
adequately cooled at, say, 30,000 ft. 

The author had mentioned the placing of sparking plug electrodes remote from 
the combustion chamber and locating them in a pocket. This had been tried 
here, but from the results obtained it would seem better if the electrodes were 
exposed in the combustion chamber rather than pocketed. In fact very favourable 
results were obtained in a recent experiment where the end of the sparking plug 
was projected well into the combustion chamber. Where a plug was located 
remote from the combustion chamber with a passage between it and the latter, 
it allowed gas to surge past the plug gaps at high velocity and this did not seem 
to promote efficient ignition and in some cases caused a high rate of gap widening 
and disintegration of the mica insulation. . 

The question of petrol injection had already been referred to by Mr. Fedden, 
but he would like to know which injector position the author preferred of the three 
possible locations, these were: (a) injecting direct into each cylinder using a high 
valve overlap, (b) injecting into the induction branch of each cylinder either close 
to, or remote from, the inlet valve, or (c) injecting into the eye of the blower. 
In the first two cases it would mean a multiplicity of parts due to the number of 
injectors which would be necessary, and probably the blower efficiency would 
suffer. In the latter case, however, only one injector would be necessary, no 
timing device would be required as in the case of an injector serving each cylinder, 
and the blower efficiency would not be impaired. He would be glad to have any 
information the author could give on these points. , 

In regard to the use of ceramic sparking plug insulators, he wondered whether 
the author had had any experience with ceramic plugs for aviation purposes. 
They had done a considerable amount of experimental work in this country with 
‘** sinterkorund ’’ and had found that, whilst the insulator was not affected by 
deposits from leaded fuel, there were certain limitations to the use of this material 
so far as the central electrode was concerned. The main difficulty with such plugs 
was to seal the central electrode satisfactorily in the insulator, and due generally 
to the rather small section electrode material used, and inferior thermal contact 
between it and the insulator, considerable trouble had been experienced owing to 
burning of the electrode. In addition, because of the limitations in electrode size, 
it had been difficult to design a satisfactory form of spark gap, with the result 
that a high degree of gap widening had also occurred. However, it was hoped 
that these difficulties would be overcome with further experience. 

Mr. Mitiar: With reference to the remark in the paper that minimum fuel 
consumption cannot be maintained in service by manual adjustment of the mixture 
control and that Messrs. Pratt & Whitney had developed an automatic mixture 
control, he asked whether this automatic mixture control was fully automatic up 
to the ceiling of the aeroplane—like the Hobson carburettor—which was essential 
for military operations when constant speed was necessary, or was it necessary 
to revert to manual control above a certain altitude. He added that he had 
intended to ask a question with regard to fuel injection, but that matter had 
already been covered by Mr. Fedden. 


Mr. Farren (Fellow): After reading the paper and listening to the author 
himself, he felt he had been listening to someone not from another country, but 
almost from another world, a world where apparently the demands and possibilities 
and problems of civil aviation were uppermost in the minds of those who designed 
aeroplane engines. This was, unhappily, not the side of aviation which occupied 
most people in this country. But while it led to many different points of view, 
there was a similarity in many of the problems and in methods of attacking them. 
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Nevertheless he felt that the general forecast of the development of aeroplane 
engines which Mr. Mead had given was fundamentally based on his forecast of 
the requirements of civil aviation in the U.S.A. Tes 

From the purely technical point of view, however, there were a number of points 
on which he thought our experience and our conclusions were similar to those of 
the author, but there were some on which he would like Mr. Mead’s views in 
greater detail. First, with regard to cooling, Mr. Mead had made no reference 
to what they in this country were coming to regard as a not unattainable goal, viz., 
the reduction of the drag incurred in the cooling of an engine almost to nothing. 
There seemed to be good grounds for believing that it would be possible to cool 
an air-cooled engine for something much less than was suggested in the paper. 

Like Major Green, he would like to know what was the basis of Mr. Mead’s 
suggestion about the position of the screw in relation to the wing. The N.A.C.A., 
whose work was held in such great respect in this country, had established that, 
for a conventional nacelle, a position at 25 per cent. in front of the chord was 
satisfactory. Now the author seemed to suggest rather a different basis, viz., 
half the diameter of the airscrew. It would be interesting to know how near to 
the wing the propeller could be put without serious loss. 

The remarks Mr. Mead made about the use of roo octane fuel for take-off were 
very interesting. They conveyed to him the impression that the American Air 
Lines were using a bi-fuel system. He would like to know if that were so. 

Mr. Mead had mentioned the reaction of aeroplane designers to what engine 
designers thought about the necessary diameters for airscrews. That seemed to 
him remarkable because his experience had been that engine designers seldom 
expressed definite opinions about the diameter of the airscrews to be fitted to their 
engines. They generally took their cue from the aeroplane designer. He had 
been impressed with Mr. Mead’s view that the proper choice of the diameter 
of an airscrew was a matter in which both engine designer and aeroplane designer 
had an equal interest. Mr. Mead’s paper was an excellent illustration of the 
results of close co-operation between the aeroplane designer and the engine 
designer. 

His final point was the great weight of the modern controllable pitch airscrew, 
amatter emphasised by Mr. Mead. There was everything to be said for reducing 
the weight of every part of an aeroplane. But the c.p. airscrew was an example 
of a very heavy component—much heavier than the wooden screw which it 
replaced—which made possible types of high performance aircraft which were 
impossible without it, since they would not take off. It was necessary to consider 
the aeroplane as a whole. It might perhaps be said that they had been somewhat 
slow to learn this, but Mr. Mead, whose own firm had led the way here, would 
see plenty of evidence, as he travelled around this country, that they had taken it 
to heart. 

Mr. Coptrey: With reference to cooling drag for higher power engines, he 
said that Mr. Mead had reviewed the cooling development of air and liquid- 
cooled engines, and outlined some of the problems that had to be faced in the 
progress towards higher power units. Past experience had shown, and he believed 
this would be substantiated in the future, that there were many problems associ- 
ated with the development of both types of engines that were equally difficult 
of solution, and there was no indication that any one type was superior to the 
other. Analysis of a specific air-cooled engine showed, that for fixed ratio of fin 
area per litre the cooling air flow was proportional to the power output, which 
meant that the pressure drop varied as the square of the power output. If the 
effective fin area and free air space were increased proportionally to the output, 
as by increasing the number of cylinders, the pressure drop could be kept constant. 
This indicated that for engines of considerably increased power, a balance had 
to be struck between increased capacity and ratio of effective fin area per litre 
when deciding the number and size of cylinders, so that the best compromise could 
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be achieved between weight and simplicity of arrangement, consistent with , 


normal pressure drop and flow by natural induction for a reasonable cooling di 
power loss. Wi 
In practice, increasing the number of cylinders by having two rows on the as 
radial, or increasing the number of banks on the in-line, led to unavoidabk heating sh 
of the air intended for cooling the rear row in the case of the former, and the aft re 
cylinders of the latter, which necessitated skilful baffle design and a slight increase in 
of pressure drop across the engine as compared with the single row type. F 
Offsetting this, it must be remembered that the trend of design towards higher su 
compression ratios eased the cooling conditions, since the heat dissipation through 10 
the cylinder walls was reduced. It followed that whilst the arrangement of multi- in 
cylinder engines would depend upon other factors, such as specific aircraft design, Ww 
weight, accessibility, maintenance and cost, etc., there did not appear to be any st 

limitation, due to normally induced cooling air flow, for the sizes of engines under 
x 
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review. Mr. Copley said he would like to ask Mr. Mead if he could give any 
particulars of the type, size and duty of the engine for which he visualised blower 
cooling. 

With regard to the effect of altitude on the heat dissipation characteristics of | 
air-cooled engines, he had investigated the relative cooling factors of both liquid 
and air-cooled systems and there was a fundamental difference which could best 
be illustrated by means of a slide. The relation between heat dissipation and 
mass flow for a finned cylinder differed materially from that which obtained in 4 
radiator. Analysis of tests from various sources indicated that for an air-cooled 
cylinder—due to variation of temperature gradient along the fins—the temperature 
difference varied as the mass flow raised to the power of —.5 approximately. 
Analysis of radiator tests showed that the temperature difference varied as the 
mass flow raised to the —.85 power for a normal radiator, due to the fact that 
the metal temperature was substantially constant. 
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Showing a slide, Mr. Copley said that the curves in Fig. 1 gave relative heat 
dissipation factor against altitude for both systems, assuming, constant power 
with altitude, fixed cooling ducts, and that the machine speed varied inversely 
as the cube-root of the density. In the case of the air-cooled installation, he had 
shown three conditions which gave ground temperatures of 135°, 160°, and 190°C. 
respectively. The actual temperatures at altitude in these curves would be 
inversely proportional to the relative heat dissipation factors, as interpolated in 
Fig. 2. It would be seen that the variation of heat dissipation with altitude was 
substantially constant up to the lower limits of the stratosphere, and the reason 
for the variation between the three conditions was due to the fact that the drop 
in air temperature with altitude as a percentage of the temperature difference 
was less on the hotter installation. The lower curve for the Glycol radiator 
showed that the heat dissipation factor became steadily worse with altitude. This 
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meant that the radiator would require increasing in size to maintain ground level 
temperatures in the inverse ratios of the heat dissipation factors. At 35,000 ft. 
the increase would amount to 25 per cent. and 85 per cent. at 50,000 ft. 

Mr. B. W. Townsnenp (Associate Fellow): With reference to the question 
of the lowest r.p.m. for cruising, Mr. Mead had stated that, for best mechanical 
efficiency under cruising conditions, a high m.e.p. and low r.p.m. gave the most 
advantageous combination. As low r.p.m., giving high advance per revolution, 
also favoured airscrew efficiency, would the author say what was the lowest 
percentage of rated r.p.m. which might safely be used for economical cruising 
without impairing engine performance ? 

Referring to the statement in the paper that engines in America had been given 
a take-off rating 20 per cent. above the standard rating, Mr. Townshend said 
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there was a limit to the thrust h.p. which could be developed by a given airscrey 


at a given speed. Had the author considered using a two-speed gear with q 


constant speed airscrew to increase the take-off r.p.m., as this would give a 
considerably augmented thrust without increase of b.h.p. ? 

Referring to fuel expense and weight per ton-mile, it was mentioned ‘hat the 
author's suggested 100,000 lb. machine with four engines, developing 9,200 hp, 
at take-off and 5,000 h.p. cruising at 225 m.p.h. at 5,000 ft., at a specific cop. 
sumption of .43 lbs., would have a total fuel consumption of 2,150 jb./hour 
For the Atlantic crossing the fuel consumption would be about 28,000 lb., or 
3,650 imperial gallons, and the total weight of the engines, at 1.2 Ib. /take-of 
h.p., would be 11,000.lb. For a multi-row radial engine, particularly of the 
sleeve valve type, there was difficulty in neatly housing the exhaust manifolds, 
whilst other projections, such as air intakes, oil cooler ducts, etc., must be 
added. On a certain make of two-row radial engine, the projected area of such 
items amounted to about 0.8 sq. ft. per 1,000 take-off h.p. Assuming this value 
for the 100,000 Ib. boat, and allowing for slip-stream and interference, the con- 
sequent loss of power at cruising speed was about 220 h.p. The fuel bill for 
dragging these items across the Atlantic would be 160 gallons, nearly 5 per cent, 
of the total fuel on every trip, and its weight would be about 1,250 lbs. or more 
than 11 per cent. of the engine weight. Hence with no increase in the all-up 
weight of the machine, one could afford to add 11 per cent. to the engine weight 
for the deletion of these excrescences, and 160 gallons of fuel could be saved on 
each journey. Whilst appreciating that the rear of the engine was already well 
filled with accessories, Mr. Townshend thought that every effort should be made 
to assist aircraft designers by putting the exhaust pipes at the back and by 
having air intakes specially designed for each installation, so that they could be 
placed, for example, in the leading edge of the wing. 


Mr. AMHERST VILLIERS: Having listened to the very interesting lecture by 
Mr. Mead, it seemed apparent to him that the question during the next few years 
which would be most important was the one of increased power, i.e., the greatest 
amount of power that could be obtained. Therefore, it was not so much a 
question of the maximum h.p. per litre which would be of greatest interest, but 
the question of the maximum h.p. per cylinder. That being so, it had occurred 
to him that probably large cylinders would have to be retained unless it was 
demonstrated that the smaller cylinder would run at a very much higher b.m.e.p. 
He had looked at some of the figures for the Hornet and Wasp, but did not 
see that there was much difference in b.m.e.p. in favour of the smaller cylinder. 
It was interesting to see what happened when the dimensions of a cylinder were 
altered. If in the case of any particular engine the bore and stroke were halved, 
the capacity of the cylinder would be one-eighth. Did the author contend that 


such an engine could run eight times as fast while maintaining a constant stress: 


Now on the question of airscrews, the Chairman had rightly said that thes 
were more or less at the parting of the ways, and Mr. Villiers wondered whether 
they were absolutely certain that the present form of airscrew was the one which 
was going to last; in other words, could Mr. Mead say whether Hamilton had 
carried out any experiments by running airscrews above the speed of sound, 
because although they had heard that running airscrews above the speed of sound 
introduced inefficiencies, were they certain it was not possible to harness the 
increased resistance the blade would meet at this speed and therefore reduce the 
diameter? Arising out of that was the question’as to whether blowers could 
not be used to drive the air out of the trailing edge in preference to these air- 
screws of enormous weight and size. Furthermore, with engines widely spaced 
along the wings, the stability in yaw was adversely affected and the turning 
moment of the plane about this axis greatly increased, and this when the weights 
were large might be important. 
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There was one other point which perhaps Mr. Fedden would be good enough 
to say something about. It was admitted that the sleeve valve engine ran at a 
higher Compression ratio, but would it stand the same amount of pre-ignition or 
detonation as the poppet valve? If they were called on to do so, would the 
sleeves remain cylindrical or would they tend to come out through the exhaust 
ports ? Should this be the case it would be a snare which could lead to serious 
consequences. He asked this question for information only, and not because he 
had any first hand knowledge of sleeve valves behaving in this manner while 
cunning near the detonation point. 

Major Carter (Fellow): With reference to the statement in the paper that in 
the United States they were working to plus or minus 3° crankshaft-tail 
oscillation within the operating range of speeds and powers of single and two-row 
engines, he would like to know how this was measured. As a rule it was very 
dificult to get at the crankshaft to make such measurements, but it might be 
that in the author’s engines it could be done. Further, was that put down as a 
general criterion and considered to be the general thing to adopt? It was not 
done in this country. 

Referring to Fig. 2, which showed the variation in torque in a 14-cylinder 
engine and a 9-cylinder engine, Major Carter suggested that that was rather mis- 
leading because although it was true as a theoretical comparison of the torque 
recoil on the cylinders for the complete engine, the torque variation in the drive 
of the airscrew for such engines appeared to have practically no direct relation to 
these theoretical curves. These curves suggested that in any comparison between 
the 14-cylinder and g-cylinder engine there must be very much more torque 
variation in the g-cylinder engine than in the 14-cylinder engine, but in actual 
fact torque variation depended on the dynamics of the system and care should be 
taken not to be misled by the curves in question. 

There was one other point he would like to mention. When using a larger 
number of cylinders there was just the danger that in a particular design a con- 
dition might be reached at which a serious two-node torsional critical occurs 
within the operating speed range. With a fairly flexible airscrew drive one node 
will occur practically at the middle of the cranks, so that one half of the crank- 
shaft oscillates in reaction to the other half. This condition had not vet been 
reached, but it was one of the things to look out for in design. 

Mr. CANTRELL: He would like to ask two questions of the author. The first 
related to automatic mixture control, and he would like to know whether in the 
system used in America the control was effected from the induction pressure by 
barometric pressure height control. 

The second point was in connection with the use of weak mixtures, and he 
wished to know whether it was possible to run down to the useful weakest mixture 
without the difficulties referred to in the paper in connection with exhaust valves 
and piston heads. His own experience had been that it was possible to run down 
to the minimum useful mixture strength without getting into these difficulties. 

Mr. SavaGE: He would like to amplify the reference made by Major Bulman 
to the engine which has run for roo hours and gave 47 h.p. per litre. Actually, 
the h.p. per litre was 49.7 and not 47. The only things they could not get to 
stand up for the 100 hours were the sparking plugs, which were scrapped after 
about 73 hours. The points had almost disappeared as the result of erosion. 

The CuainMAN: Speaking with regard to the question of h.p. per litre and 
cylinder size, he said it was quite misleading to think of h.p. per litre as a figure 
of merit unless cylinder size was taken into account. There was quite a simple 
dimensional relationship which showed that for engines of the same thermal and 
volumetric efficiencies, and the same merit in bearing design, the h.p. per litre 
ought to vary inversely as the linear dimensions of the evlinder. In other words, 
assuming two engines with geometrically similar cylinders, if the linear dimensions 
of the cylinders of one were half those of the other, then the h.p. per litre of the 
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first engine ought to be twice the other if the two engines were of equal meri 
from the point of view of design and thermal efficiency. 

Mr. J. Pontremoui (Fellow) (communicated): When reading and hearing Mr, 
George J. Mead’s lecture, what he said appears as one of the most importan; 
stones laid down in the foundations of the aviation of coming years, and as 
especially valuable when one knows the extent to which the author is intimately 
concerned with all the various aspects of aviation as well on the aircraft side with 
land- and seaplanes as on the engine side—and their link, commercial air transport, 

He found himself almost entirely in agreement with the various conclusions oj 
this comprehensive paper. It seemed to him that the most striking points of the 
next five years’ tendencies are summed up in Mr. Mead’s studies concerning the 
importance of operating costs (which become so great as to change progressive) 
the point of view from which the relative importance of the main engine character. 
istics are considered) as well as another prime consideration, that of the cross. 
section of the engine as compared with the lesser consideration of length 
(especially when engines are considered, as Mr. Mead points out so clearly, as the 
unavoidable airscrew support)—this leading to the more and more general use of, 
and the favourable consideration given to, well designed and proved two-bank 
radial engines, which possess to a much greater degree than the single-bank units, 
the qualities now required. 

It is very well worth while noting, anyhow, that the difference in length between 
the single-bank and the double-bank radial engine is extremely small, and, as a 
matter of fact, in the case of geared engines does not exceed 12 per cent. of the 
total length. This is why, he thought, when many people take the point of view 
that the increase in length of the double-bank engine is a disadvantage they do 
not realise how small the difference between the two is. 

He was sure that Mr. Mead, who favours the introduction of two-bank up to 
18-cylinder engines, will have noted that 18-cylinder engines are already flying 
on the Continent and soon will be in this country, and that their diameter is as 
stated not greater than that of the present g-cylinder single-bank. 

It struck him also that Mr. Mead will be very interested to know that the built 
up, multi-pin shafts are widely used on double-bank engines, that there are now 
in different parts of the world more than 3,500 engines from 700 to 1,400 h.p. 
built on these lines (flying), and that the built-up, two-throw crankshaft gives 100 
per cent. satisfaction. 

He thought Mr. Mead was a little pessimistic regarding the two-speed super- 
charger, and he considered that by a wise choice between the two speeds the 
reduction in performance at the intermediate altitude can be well avoided, 
especially when one bore in mind that for cruising the first speed will be maintained 
at much higher altitudes, and the second speed mainly employed for fast climbing 
or maximum performance above, say, half this height, and only exceptionally, 
for the time being, for cruising at very high altitudes; this, of course, without 
underestimating the importance of the turbine which Rateau did recommend and 
demonstrate very early in the history of aviation. 

There is a small point on which he would like to have Mr. Mead’s opinion. Is 
he for improving the cooling of the piston through the piston ring in favour of a 
bigger number of narrow rings or a smaller number of wider ringss ? 


On the other hand, his appreciation of the sleeve valve engine, the rea! important 
advantage of which is the gain in compression ratio, shows that when the poppet 
engine works near to the 8:1 ratio, and this will come soon, the sleeve valve 
engine will not be very beneficial from this point of view, due to the much smaller 
gain obtained by further increase in compression ratio. 


Tue AvtTHor’s VERBAL REPLY TO THE DISCUSSION. 
The author said, as the time was short, he would deal with only a few of the 
questions, but would reply in writing to the others later on. One of the important 
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raised was whether the propeller was limiting the development of large 
engines. Although several of the speakers felt this might be the case, Mr. Mead 
indicated that the propeller was not retarding engine development in the United 
States. He granted that the problems involved were more difficult than those 
associated with the smaller propellers, but stated that Hamilton Standard could 
no insurmountable difficulties in furnishing propellers capable of absorbing 
considerably more power than was at present required. 


points 


see 


As to the proper propeller location, he said that the experience in the United 
States indicated that the engine location suggested by the N.A.C.A. was quite 
satisfactory for relatively large radial engines when located in front of a com- 
paratively ‘thin wing. The author believed, however, that it was probably better 
to state the relation in terms of propeller diameter than in terms of wing chord, 
especially when considering tapered wings. It seemed probable that this relation- 
ship depended also on the size of the body behind the propeller and its relation 
to the wing depth and, for this reason, that a propeller might be brought closer 
to the leading edge as the cross-section of the support was reduced. 

The author said he had apparently given the wrong impression as to his opinion 
on the number of cylinders per engine. He did not mean to imply that he was in 
favour of using the maximum number of small-bore cylinders, but rather that the 
trend was definitely toward somewhat smaller cylinders for maximum power per 
cylinder and toward the use of a greater number of cylinders for a given power, 
as exemplified by the use of 14-cylinder engines in place of the previous 9-cylinder 
types, while 18 and even 24-cylinder engines were being developed to obtain the 
requisite maximum powers. 

As to the Diesel engine, Mr. Mead felt that any development which held promise 
of reducing specific fuel consumption was a matter of considerable interest. To 
date, however, he believed that the Otto-cycle engine permitted the carrying of a 
greater pay load than the Diesel despite its lower specific consumption. The 
reason for this was that the specific weight of the Diesel engine was still quite 
high. This situation may change if the engine weights prophesied in Dr. 
Gasterstaedt’s paper can be achieved. Meanwhile, however, the specific con- 
sumptions of the internal combustion engine were steadily being reduced. 

The author was of the opinion that continued engine operation with very lean 
mixtures inevitably involved problems of cylinder, exhaust valve, sparking plug 
and piston cooling. The development of a satisfactory automatic mixture control 
was in itself a considerable problem. Essentially the Pratt & Whitney system 
maintained pressure conditions comparable to a predetermined altitude between 
this height and the ground. 

He said time did not permit of discussing in detail the relative merits of air- 
and liquid-cooling. —_ Briefly, his view was that each system must stand on its 
own merits and that it remained to be seen which would ultimately be superior. 
At present no one could afford to take sides, since it was impossible to say what 
the final answer would be. 


THe AvtHor’s WRITTEN REPLY TO THE DISCUSSION. 

In reviewing the discussion, I find it covers a number of major topics. I am, 
therefore, taking the liberty of grouping my answers to the various questions 
ma single subject both to avoid repetition and to permit of more comprehensive 
replies, 


ENGINES. 
ESSENTIAL CHARACTERISTICS. 
Colonel Fell has pointed out that the aeroplane designer is not particularly con- 


cerned with certain figures of merit referring strictly to the engine, and I agree 
with him. Nevertheless, to the engine designer these yardsticks are of import- 
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ance in comparing engine developments and measuring the progress which hay 
been made. In the final analysis the aeroplane designer 1s concerned only with the 
effect of the available useful thrust and the weight of the power plant as a whole, 
including its fuel and oil, for a given range, as these characteristics deterinine the 
pay load which may be carried and the best schedule which may be maintained, 
To be sure, the thrust figures involve net propeller efficiencies as well as available 
shaft horse-power and power plant drag, while the power plant weight must take 
into consideration not only the specific weight of the engine and its specific fuel 
and oil consumptions, but also the weight of the airscrew and cooling system, 
A power plant can be truly evaluated only by considering the resultant effect of 
all these items on the net thrust for a given overall power plant weight. Any 
other analysis is apt to be most -misleading. , 


CYLINDER SIZE AND NUMBER. 

The important trend in cylinder development is that the sizes are being reduced 
rather than increased for maximum power per cylinder. The number of cylinders 
per engine is also increasing primarily because of the demands for greater power, 
I favour the use of moderate-sized cylinders, as they permit of a high output for 
a given fuel without detonation and automatically provide a sufficient number for 
a given power to insure a smooth running engine. Engines with the minimum 
number of maximum size cylinders have inherently large torque variations and 
are likely to have a high form drag. Their torque characteristics imply highly. 
stressed parts and rough running engines. On the other hand, the use of a 
large number of small cylinders results in a more expensive and complicated 
power plant. 


POWER PER LITRE. 

Output per litre alone does not necessarily indicate the best engine for a given 
purpose. I grant it is a figure primarily of interest to the engine designer. 
Nevertheless, it is of considerable value in comparirmg the performance of two 
engines having the same displacement, as a high value implies greater take-off 
power and presumably higher continuous cruising output. There is no reason to 
expect that this would influence the cooling drag, but for a given power the engine 
with the highest output per litre would presumably be smaller and more compact. 
This implies reduced form drag and, in some cases, might even allow stowing the 
engine away inside the wing. 


ENGINE WEIGHT. 

Specific engine weight alone appears to be of little consequence to the aeroplane 
designer. As in the case of output per litre, it is a measure ‘of engineering 
excellence. The important thing is the weight of the power plant as a whole 
for a given thrust and range. In the final analysis, the operator is primarily 
concerned with carrying the most pay load per horse-power and consequently is 
interested in the minimum overall power plant weight, including the fuel. 
Although it may not be possible at present to improve the specific weight of the 
engines materially, there appears to be ample opportunity of reducing the power 
plant drag and also the specific fuel consumption, which, in turn, will materially 
affect the power plant weight. Engine weight is important even in long-range 
operations, unless a somewhat heavier engine can overcome its handicap by 4 
sufficiently low overall fuel consumption. 


COOLING. 

The cooling power requirements referred to in the paper were for the total 
power plant drag at cruising speeds of approximately 225 m.p.h. and represented 
the minimum drag which seemed attainable under these conditions. The con- 
clusion, derived from the recent British research, that cooling, apart from form 
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drag, could be had for nothing at speeds approaching 400 m.p.h., is of great 
iaterest. From this it is evident that still further drag reductions may be expected 
ys the speeds increase. 

Blower cooling is essentially required to increase the mass flow of air over the 
cylinders and thus provide adequate cooling for the higher power outputs with 
minimum drag. It does not seem to me that its use is limited to any particular 
type Or size of engine. 

The available data on cooling of air-cooled engines operating at rated power 
at high altitudes are meagre and unfortunately somewhat contradictory. The 
theoretical considerations are, of course, well known, but the fact that the ex- 
ponent in the heat dissipation equation has not yet been shown by reliable experi- 
mental data to be a constant, leads one to suspect that the equation itself may be 
wong in form. Actual results indicate that an installation which cools well at 
moderate altitudes will be satisfactory at high altitudes with the engine develop- 
ing between 90 per cent. and 100 per cent. of its rated power. Concretely, it 
has been possible to provide satisfactory cooling for all high altitude air-cooled 
installations to date. Incidentally, the air-cooled type of engine has held the 
world’s altitude record for a good many years. 

As to the comparative performance at altitude of air- and liquid-cooled cylinders 
that cool equally well at sea level, there are theoretically two opposing effects. 
\t sea level the temperature difference between the cooling air and the air-cooled 
cylinder is greater than that between the cooling air and the contents of a liquid- 
filled radiator. For this reason a given reduction in cooling air temperature, such 
as occurs with increasing altitude, results in a smaller proportionate increase in 
the temperature difference for the air-cooled cylinder than for the liquid-cooled. 
In this respect the air-cooled engine is at a disadvantage at altitude. On the 
other hand, the exponent in the cooling equation just referred to is, however, 
less for the air-cooled cylinder than for the liquid-cooled, so that the former 
suffers less than the latter from the adverse effect of diminishing mass flow of 
cooling air with increasing altitude. From a practical standpoint, however, there 
are insufficient data to draw any final conclusions as yet. In this connection it 
seems to me that 260°C. would be more representative of the average air-cooled 
cylinder head temperature than 190°C. as indicated by Mr. Copley; under these 
circumstances the cooling characteristics of the air-cooled cylinder at altitude 
may not be superior to those of the liquid-cooled cylinder. 


Minimum FUEL CONSUMPTION. 

In principle the Pratt & Whitney automatic power and mixture control consists 
of a carburettor in which the initial *‘ setting ’’ (or metring characteristic) is 
fixed for the critical altitude of the engine and this same altitude condition is then 
maintained automatically at the entrance to the carburettor by means of a parti- 
cularly sensitive barometric device and servo mechanism. In actual practice the 
carburettor has several initial settings (and, therefore, several critical altitudes) 
so that as the high limit of one is reached another is brought into use. The usual 
maximum critical altitude of the carburettor is several thousands of feet below 
the ceiling of the aeroplane, but as the last range setting is usually for a lean 
mixture and the rate of enrichment at this altitude very slow, both test and 
service results have indicated no further gain in either power or fuel economy 
by the best manual setting possible. The primary advantage of this type of 
control is the extreme accuracy and consistency which are obtained, due to the 
fact that the automatic regulation is motivated by a factor which can be accurately 
measured (pressure or density) and corrected by a follow-up mechanism. This 
isnot the case with any other type of control with which we have experimented. 
ts accuracy has been well demonstrated in many services, including the regular 
trans-Pacific operations, and its uniformity by long-distance mass flights. An 
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additional advantage is that it inherently embodies an effective automatic powe 
control. 

Extensive experience with commercial engines operating with low specific fug 
consumption has led to the conclusion that trouble will develop with any make of 
engine, as indicated in the paper, if the mixture strength is sufficiently reduced 
and operation under such conditions persisted in. The minimum consumption 
permissible for continuous cruising is, then, a measure of the excellence of the 
engine in question. 

It is impossible to state the percentage of rated engine speed for minimum 
consumption, since this varies with different makes of engine. Generally speak. 
ing, the lowest crank speed that may be used for the required cruising power wil 
give the minimum consumption. The minimum crank speed depends on the 
maximum brake mean effective pressure which the particular engine manufacturer 
will permit for continuous cruising. 

Several commercial air lines in the United States are using bi-fuel systems in 
order to permit of the maximum output with roo-octane fuel for take-off whil 
cruising on 87 or 8o0-octane fuel. One air line is using an auxiliary system fo; 
injecting an anti-knock compound during take-off. 

It is gratifying to find aeroplane designers appreciating the important bearing 
of power plant drag on the total fuel consumption. As indicated in the paper, 
low specific consumption alone is not, after all, the important consideration. The 
figures given by Mr. Townshend indicate quite clearly the fuel cost of such items 
as exhaust pipes and air intakes. 


Direct FUEL INJECTION. 

The development of direct fuel injection has progressed rather slowly, du 
primarily to the difficulty of devising a thoroughly practical means of maintaining 
the proper fuel air ratio under actual service conditions. Meanwhile, the principal 
difficulty of the commercial operator, namely, carburettor icing, has been over 
come in two ways. Adequate pre-heaters have been developed and also the 
‘* pressure type ’’ carburettor. The pressure carburettor not only eliminates icing, 
but overcomes many of the disadvantages of the standard type while retaining 
its inherent advantage of correctly metring the fuel in proportion to the air. 

As to nozzle location I believe that, for maximum output, direct head injection 
is to be preferred, but the difficulties involved in getting proper vaporisation and 
distribution of the charge in the cylinder make this the most difficult method to 
develop. Injection ahead of the impeller is the simplest all-round arrangement. 
With this, however, one of the major advantages of fuel injection disappears, 
namely, the ability to intercool the charge. Injection in the blower rim or in the 
intake pipes provides a reasonable compromise as long as the present types of 
fuel are used and this method is to be preferred if maximum output is not a 
major requirement. 


DIESEL. 

A good deal of Diesel development work is being carried on in the United 
States, but as yet no outstanding engine of large power has been put on th 
market. As a matter of fact, the great reduction in specific consumption which 
has been achieved by the gasoline engine manufacturers in the past year or ty 
has considerably diminished the interest in the Diesel engine for aircraft. Based 
on the latest figures, the power plant weight, including fuel of the Otto-cycl 
engine, is less than that of the Diesel for any of the trans-oceanic runs now con 
templated by commercial operators. 


TORQUE AND VIBRATION. 
The limit for crankshaft oscillation that is mentioned in the paper, viz., plus or 
minus 1/2°, is a tentative standard and seems a reasonable one for single and 
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tworrow engines of present sizes. It would undoubtedly be illogical to adopt the 
same limit for both radial and in-line engines. Crankshaft oscillation is readily 
measured by a torsiograph of the seismographic type and in Pratt & Whitney 
engines this may be applied at the starter coupling. Extensive use has been made 
in the United States both of the Prescott torsiometer* and of the more recent 
torsiograph of Professor Draper. + 

| feel that the ideal torque curves shown in the paper give a true comparison 
of the forces available to cause vibration. There is no more reason why a 
yy-cylinder engine should be operated at a critical speed than that a g-cylinder 
engine should be. In any case, I agree that a major critical period of the crank- 
shaft should not occur within the operating range of the engine. 

The two-node torsional vibration has actually been observed in an experimental 
engine. The proportions of present two-row engines are such, however, that it 
seems quite unlikely that the two-node vibration will be reached at any reasonable 
speed. 


PistoN COOLING, 

Piston cooling can, I believe, be improved by the use of a number of narrow 
rings and this is definitely the present tendency because of the difficulty of seating 
wide rings. Even greater improvement may be had by reducing the length of 
the heat-flow paths through the use of smaller bores. It is quite possible, for this 
reason, that the piston-cooling may ultimately influence cylinder sizes. 


Rop BEARINGS. 

The trend of the bearing material development is difficult to foresee. The 
ever-increasing loads have resulted in discarding one material after another. 
The addition of tin to the copper-lead alloys increased their load capacity, but 
resulted in a structural rather than a bearing material. For this reason, it seems 
probable that an entirely new type of material or bearing is necessary if we are 
to carry the loads appreciably higher and have the necessary safety factors. 
Assuming for the moment that this limitation persists, it would, however, still be 
possible to increase the power output by reducing the displacement per crankpin 
and increasing the number of pins. 


SPARKING PLUGS, 

Having reached the apparent limit of the present sparking plug construction, we 
are looking with much hope toward the development of a ceramic insulator. 
\lthough no satisfactory general service plug of this type is yet available, Pratt & 
Whitney have consistently found the ceramic plug to be necessary for very high 
outputs both in bench and flight test work. 

The general data on the pocketed plug are rather inconsistent, though in a 
carefully conducted endurance test of some length no difference between this and 
the flush construction could be found. This, of course, might not hold true for a 
different type of combustion chamber. 


NUMBER OF ENGINES PER AEROPLANE. 

lam heartily in accord with Mr. Fedden’s suggestion of using a greater number 
of engines for the larger aeroplanes, primarily to improve the performance at take- 
off and to provide even greater safety for long non-stop flights. This practice has 
the further advantages of improving weight distribution in the wing and 
simplifying the propeller problem. 


*“Vibration Characteristics of Aircraft Engine Crankshafts,’’ A.S.M.E. Publication 

Aer-52-19, 1930. 

7“ The MIT Sperry Apparatus for Measuring Vibration,’’ Journal of the Aero. Soc. for 
May, 1937. 
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PROPELLERS. 


AVAILABILITY. 

The propeller problem in connection with large power plants does nut seem 
insurmountable and certairily is not as yet a limiting factor in the size of engines, 
Admittedly the weight of the larger propellers is out of proportion if only present 
standards of construction are considered. The development work which Hamiltoy 
Standard is carrying on indicates, however, that decided weight reductions can be 
afforded through ihe use of other blade materials and constructions. Hamilton 
Standard has some fairly definite ideas about what may be done in the way of 
propellers for the large engines. The chief problem is that of safety in the 
adoption of what may have to be a radical type. 


LimITING TuRUST. 

The question of the two-speed gear is related to the propeller charac ‘eristics 
in a rather complicated manner, and it is doubtful whether any generalisations can 
be made. Each specific case must be made the subject of a special study. 

The two-speed gear was originally proposed to control engine speed when oper- 
ating at various altitudes with a fixed pitch propeller on a supercharged engine. 
The theory seemed sound for level flight conditions, since the propeller would 
operate at nearly constant )’/nD, the increase in propeller speed beiny nearly 
proportional to the increase in aeroplane speed at high altitude. ; 

The constant speed propeller takes care of this situation by simultaneously 
varying the angle of attack of the propeller and its ’/nD so that the engine speed 
is held constant. Fortunately, the curve of efficiency against V/nD is quite flag 
for modern aeroplanes, so that the constant speed propeller can handle a fairh 
great range of altitude satisfactorily. , 

Recently the two-speed gear has been considered as an aid to take-off. The 
three principal factors with which we have to work under these conditions are the 
disc loading, the propeller tip speed, and the propeller blade angle. Ii propeller 
tip speed is held very low by gear reduction, the blade angle may be so high for 
extremely fast aeroplanes that it cannot be lowered enough to obtain an efficient 
angle of attack in take-off without an excessive engine speed. In this case the 
two-speed gear would be helpful. Within the range of present aircraft, however, 
a better compromise would be the choice of a slightly different reduction gear 
ratio to provide somewhat higher tip speeds for level flight. 

In the United States there have been some cases where the tip speed for level 
flight was so high that rated engine speed could not be used at take-off without 
a tip speed loss so excessive as to more than offset the gain due to lower blade 
angles. In such cases slightly higher boost with lower engine speed has become 
necessary for best take-off. 

As far as take-off alone is concerned, increases in the rated altitude of the 
engine reduce the desirability of the two-speed gear, since the higher altitude 
rating leads to a propeller of greater diameter and larger blade area. This larger 
propeller permits lower blade angles at a given engine speed for take-off. Generally 
speaking, I do not believe the propeller limits the take-off thrust providing the 
best combination of blade form, diameter and gear ratio is used. 


SuPpERSONIC Tip SPEED. 


The principal advantage of operating at tip speeds above the velocity of sound 


would be the possibility of using a smaller propeller of lighter weight. .\ number 


of blade forms have been tried at high tip speeds, but no aerofoil has been found 
which will operate above the speed of sound at an efficiency comparable to that 
of the normal aerofoil operating at normal speed. The tip speeds could be in- 
creased a little by the use of thinner blade sections, but this procedure is limite¢ 


by considerations of safety. 
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FLEXIBLE DRIVE. 

Hamilton Standard has experimented with hinged blades and has also tried a 
universal joint arrangement in which the blades were hinged in both the torque 
and thrust planes. The hinged scheme is excessively heavy when used with 
modern blades, but may be desirable in very large propellers. 

Hamilton Standard has also experimented with flexible drives, but thus far the 
measurement of propeller vibration stresses has shown that resonant periods are 
troublesome even with a considerable amount of flexibility. This problem is 
being investigated further. It should be borne in mind that it is not sufficient 
io smooth out the torque; insulation must be provided along and about all three 
axes. 

In closing, I wish to express my thanks for the opportunity of discussing various 
subjects of common interest with my friends and contemporaries in England. 
This has been both instructive and stimulating. No doubt we are all confronted 
vith similar problems and I therefore hope the interchange of ideas has been 
mutually helpful. 
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THE DESIGN OF MULTISPAR WINGS.* 


By Witotp BILLEwIcz, C.E., Sc.D.+ 


Before the publication of the results of my original work connecte: with 
experimental researches in the Laboratory of the Polytechnical Institute of 
Warsaw (where I had the help of Prof. Huber and the collaboration of Mr. 
Kurowski and Mr. Maksymowicz), I want to give here some reproduction of the 
paper of Mr. W. F. Kisielew in ‘‘ Technica Vozdushnogo Flota,’’ No. i 1936, 
on the design of multispar wings. The results obtained here are very different 
from those obtained in the above article. : 

The methods of calculation of the stresses are well-known for monospar and 
two-spar cantilever wings (compare series of articles in the Reports of 1.B.T.L.— 
Institute of Research for Aeronautics in Warsaw), but present-day methods of 
construction require more and more attention to be paid to multispar wings as 
described in this paper. In Report No. 2 (17) 1.B.T.L., 1935, the method of 
calculation of monospar wings is given independently of the number of interior 


girders (thin sheets) transferring shear stresses. There, for the cross section 
with three longerons, we could not take into account the effect of the fixed end 
of the wing, which gives an increase of stiffness and of the normal forces in the 
longerons (one longeron on the leading edge and two consisting of the spars of 
the wing). In the multispar wings one cannot lose sight of those additional 
tensions in the longerons caused by the resistance against deformation of the 
section of the wing when loaded by a twisting moment. We will consider two 
cases :—(1) As a first approximation for the long wing where the fixed end section 
is indefinitely far enough away so that its influence may be ignored. (2) For the 
wing of limited span where it is necessary to calculate the influence of the fastening 
as well as of different distortions of cross sections on the value of tensions. 


By calculation we assume the loading of the section to consist of a twisting 
moment and of a shearing force which enables us to find the additional tensions 
in the fixed end section as a result of loading during twisting as well as due to 
shearing force. We introduce here a simplification to facilitate the calculations, 
namely, we reduce the spars of the wings to two longerons and to a central web. 
If spars consist only of longerons, diagonals and struts we introduce an imaginary 
web in place of the removed diagonals, so that the component of the axial force 


* Translated from ‘‘ Techniczne Nowosci Lotnicze ’’ (Technical News of Aeronautics), the 
Journal of the Association of Polish Aeronautical Engineers, Vol. IV (1936), Nr. 4, 
p. 72-77, Nr. 5, p. 98-103, Nr. 7, p. 137-143, and Nr. 9, p. 185-189. 

+ Translated by the Author, 


1042 


0 
| 
t 
e 
d 
0 
t 
t 
t 
I 
t 
FiG. 1. 
} 
| 


with 
ite of 
f Mr, 
of the 
1936, 
Terent 


terior 


ction 
1 end 
n the 
rs of 
‘ional 
f the 
two 
ction 
r the 
ning 


sting 
sions 
ue to 
ions, 
web. 
inary 
force 


, the 
ir. 4, 


THE DESIGN OF MULTISPAR WINGS. 1043 


of the latter would correspond to the shearing force in the section of the 
substituted web. 

In Fig. 1 is shown such a spar element, where a is the angle of inclination of 
the diagonals to the longerons. ‘The dotted lines show the position of these 
struts after deformation (on an enlarged scale). Longerons and struts are con- 
sidered here as entirely stiff. Let Ha and Fy be the modulus of elasticity and 
the area of cross section of diagonals and G, and F, those for imaginary web. 
Let | be the length of the diagonals, a—the distance between the struts. The 
elongation of the diagonals =6 sin a; and the component of the axial force of the 
diagonals is given by the formula: (8 sin a/l) Kaa sina, the corresponding 
shearing force in the web is (8/a) G,F,; thus after the substitution a=I cos a, 
we obtain the equation: 

G,F,= E,F 4 sin? a cos a. 

Now we have a wing consisting of several boxes in the shape of closed 
girders, composed of a thin shell, transferring shearing stresses and longerons 
transmitting normal stresses. (When calculating the bending of the wing one 
may include the help of interior webs as well as of the skin of the wing during 
the transmission of normal stresses.) 

We assume that the ribs of the wings are stiff enough against bending in 
their plane; thus the shape of the section remains unchanged during loading, 
but the stiffness of the ribs does not preveat deflection in a direction perpendicular 
to the section of the wing. 


CALCULATION OF WINGS OF INFINITE SPAN. 


In this case we have no additional tensions due to the fixed end of the wing. 
Let us consider the cross section as shown in Fig. 2, where the influence of 


Fic. 2. 


the external loading may be always represented by the shearing force Q and by 
the bending moment M placed in the section of the wing. The shearing force 
Q can be always transferred to the centre of shearing forces of the cross section, 
which is also the same as the centre of twist, with the addition of the correct 
twisting moment. The bending moment M will be given by components in the 
directions of the principal axes X and Y of the section, obtaining two bending 
moments in principal planes of flexure. The normal stresses due to bending can 
be calculated on the assumption that the section remains plane after bending. 
Then the normal stresses will be found from the formula: 


where J, and I, are the principal moments of inertia of the section. Usually 
the second term in the formula (1) is so small in comparison with the first that 
the formula can be written as 

o= M,y/I1, 
which considerably facilitates the calculations without the moment of inertia I,. 
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CALCULATION OF THE SHEARING STRESSES IN THE SECTION. 

Under the action of the shearing force Q and the twisting moment M, i: the 
given section of the wing of infinite span, there are only tangential strosses 
transmitted by the internal walls and the skin of the wing. In Fig. 3 is s!own 
an element of unit length of this structure with constant cross section and it is 
loaded at one end by vector Q (replacing the shearing force and the twisting 
moment) and at the other by the internal stresses. It is not possible here to 
use the simple formulas in calculation of shearing stresses in this multiple con- 
nected region, therefore we make sections in each girder of doubly connected 
regions introducing replacing internal forces (Fig. 4). In this manner we o)tain 


Wr SO 


a simply connected section under the action of the given internal loading and 
with replacing forces which may be written as follows (for each doubly connected 
region) : 
qi = = const. 

where unit length of the element is assumed. This is the value of shearing 
stresses, where 7, is tangential stress on the place of the girder’s section, 6, the 
thickness of the shell in this place (i denotes respectively successive numbers of 
the doubly connected region). As follows from conditions of equilibrium q is 
constant for each region (Fig. 4) and represents a factor which enables us to 


FIG. 4. 


transfer twisting moment for the open section (such open section has no stiffness 
on the twist), Now we may consider our cross section as the usual statically 
indeterminate system, where q, are treated as those unknown values. 

Separating the vector Q into components Q, and Q, in the directions of the 
principal axes of the section we can find the values of shearing stresses in the 
open section due to shearing force Q (without considering the acting twisting 
moment). Thus we obtain: 


Tax = Q,S,/1,8, and rg,=Q,8,/1,5, : (2) 
and corresponding value of qg will be: 
da= Tq = + ‘ (3) 


as follows from usual formulas. 

It is clear that the tangential stress tg is directed along the circumference of 
each region as is shown on the Fig. 5, where the positive direction is taken as 
anti-clockwise. The statical moments S, and S, are taken with respect to the 
principal axes X and Y for the whole part of the area which is above the section 
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considered. The arrows on Fig. 5 indicate successive integration by determining 
the statical moments for respective sections and the number of arrows shows the 
number of regions introduced for integration. 

The total value of the shearing stress equals the sum 7g+7, at each point of the 
section. Marking by F; the area of the surface inside the respective doubly 
connected region, by h the distance of the centre of gravity of the whole cross 
section from the tangent to the circumference at the given point, and by c the 


distance of the force Q from the centre of gravity, we obtain the equation ot 
equilibrium : 
2X qiF i+ | dghids-—Qc=O (4) 
The integration includes the whole boundary C, i.e., external and internal 
girders. 
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Let us take as an example a doubly connected region with a rectangular cross 
section as shown on Fig. 6. The loading is taken as a vertical force Q passing 
through the centre of cross section. The value of the tangential stress in any 
section I-I will be given by formula: 

= QS,/d1, 
where S, is the statical moment of the shaded area with respect to X-X axis, 
and 6 the thickness of the wall in the section J-I. But the formula can only be 
used here due to symmetry, for the shearing stress on the Y-Y axis equals zero. 
Thus the method of calc ulations is exactly the same as for the general case, and 
the doubly connected region will be transferred here to the open cross section, 
but the replacing shearing stress is equal to zero, while for she unsymmetrical 


section such stress always must be taken into account. 
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Let us make the similar calculations for a symmetrical section (Fig. 6) 
assuming that the real stress distribution is unknown. In order to obta.n an 
open cross section we make a section IJ-IJ applying a corresponding imaginary 
force q; where qj=7,;5y- This value of g, is constant over the hole 
boundary as follows from the conditions of equilibrium. Thus the loading of the 
open section is expressed by qq as the effect of shear and by qi—as an imag 


nary 
force. 
For the section [-I (in the open cross section) we have the value 
= 
qa= QS 1/ 
where S’, is the statical moment of shaded area on Fig. 7 with respect to the 


axis X-X. The direction of shearing stresses is shown on the Fig. 7. The 
maximum value of stress tg will be obtained for the section IJI-II1. The 
value of loading is given by formula Y=4:+4%q Where q; is the only unk 
value. 
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We use here the equation of equilibrium (4) which for the present case can be 
expressed : 


2qF+ | =0, 


Cc 


qi= —(Q/2 1,F)| 


and gives 


or after the integration : 
—(Q/2 1,F) dF (2 ah +h?) = —(Q8/2 1,) (2 ah +h?). 

It is easy to see that the same value of the total stress will be obtained by using 
the formula 7,,;= QS,,/8I, (as for the symmetrical section) where S,, is the 
statical moment of the whole part between A and II-IIJ with respect to X-X axis. 
For each unsymmetrical doubly connected region the same method can be applied. 

As from the given example it may be concluded that the open cross section is 
unable for the general case to transmit the shearing force Q, for tangential 
stresses qq Cannot satisfy conditions of equilibrium (equation 4), as the open 
cross section has no stiffness in torsion. Due only to the value q; can such 
twisting moment 2 F'q, be obtained. Now let us consider the multiple connected 
regions where each region introduces the unknown value q; and the one equation 
(4) is insufficient to solve the whole problem. 

To find the statically indeterminate terms it is necessary to consider conditions 
of deflection. The main condition is the original assumption of absolute stiffness 
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of the ribs against bending in the plane of the cross section, so that after the 
deformation all regions reach the same angle of twist. This condition enables 
us to write down additional equations which together with the equation (4) makes 
it possible to solve this statically indeterminate system. 

To determine the angle of twist for unit length of the wing (Fig. 3) the 
theorem of Castigliano is used. An assumed torsional moment M, is used and 
the derivative of the total potential energy of this aie with respect to M, 
gives the angle of twist after the substitution M,= 

The shearing stresses caused by applied mi A My will be expressed by a 
corresponding q,;" where 


2% 
1 


Thus the new condition of loading is given by =~ values of tangential stresses 
qa and git = 
in the open cross section considered. 

Due to the moment M, there are values of stresses q," in all regions of the 
cross section introducing torsional moments Mj" in these regions. Moments 
Mw" may be taken as independent variables and their sum as equal to the moment 
M,. The partial derivative of potential energy of the system with respect to any 
of the moments M," gives the angle of twist of the cross section. By L is 
denoted the potential energy of the wing before its loading by moment M, and 
by L! after the application of this loading. Thus we obtain: 

dL! /OM\"=0L! /2 
where y is the angle of twist for unit length of the wing. But reasoning in a 
similar manner we can directly apply the increases 0g, for loading with the real 
values q; and obtain this way, directly, the twisting angle y without the application 
of the assumed moment M,. Thus we have the condition 

Applying successively equation (5) to all doubly connected regions where the 
angle y is the same for all regions we obtain i—1 additional equations which 
together with the equation (4) will enable us to find all the statically indeter- 
minate values q,, q2,---,» Giy and also the relative angle of twist y. 

The value of potential energy (for unit length of the wing) can be found from 
the formula: 


L= G= | (q?/2 G) (ds/8) 


where the integration includes the whole boundary C, i.e., external and internal 
y U, 
girders. By using this expression in any region ‘‘i’’ marked with letters 


A-B-U-D (Fig. 5) where the direction of integration is shown on the figure, we 
obtain the value L, for this region. In the formula (5) with partial derivative 
with respect to q; it is sufficient to replace L by Lj. 


L.=| { 4q)?/2 } (ds/8)+ | { + } (ds/8) 


B-A 


~ 


A-D D-C 
The similar expression will be written for each doubly connected region, and 
after substitution these give: 


dL, Fiy=ai (| 8) + 9.1) /G 
A- 


CB D B-A 
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Thus we obtain 7 equations which include also the relative angle of twist y: 
It is evident that integration for each region is taken along corresponding: sides 


C-B, B-A, A-D and D-C. In order to simplify the calculation write : 


(1/2 F;) ( | dod G6 + {aod s/Gds— | /G8) = 
C-B B-A AD D-C 
Then equation (6) may be written: 


qi ( Gd + | ds / G8) + (qi—qi_)) (ds G8+(qi-Gi-y ) | ds 

C-B A-D B-A D-C 
The equation (7) is the general equation for the calculation of an_ infinitely 
long wing under shearing forces and twisting moments. In the case when the 
cross section is only under a twisting moment, /.e., when the shearing force is 


zero and thus qg=0, we have a,=0, and the equation (7) is: 


(as, Gd+ | ds/G8) + (qi—Qi-.)| ds/G8+ (qi— [as/as—2 2Fiy. (8) 


C-B -D D-C 
From equation (4), after substituting qg=o, the value for the twisting moment 


M, is 


In a similar manner we may assume that the twisting moment is equal to zero 
and. that only the transversal force Q passing through the centre of shearing 
forces (centre of twist) stresses the wing’s section. Then the angle y=o and 
equation (7) becomes: 


ds /G6+ | ds /G8)+(qi—qi_,)| ds /G8 + (q;—q;.,) | ds/Gd= —2 (9) 
CB \-D B-A D-C 

Now when all values q; are known it is easy to find from the equation (4) the 
distance c from the centre of gravity of the cross section for any direction of the 
transversal force Q to satisfy the condition that the twisting moment M,=o0 (by 
using equation (9)). Such two values c, and c, for two different directions of 
transversal force will give the position of the centre of twist. It is the most 
convenient to apply the loading in directions of the principal axes,-and the co- 
ordinates of the centre can be obtained at once. 

From all these calculations we have. the formulas for the angle of twist and 
for the centre of shearing forces. Due to bending the simple formulas for normal 
stresses as given in the theory can be applied. This closes the whole investigation 
for wings of infinite span. 


CALCULATION OF WINGS WITH FINITE SPAN. 

The general methods of calculation and principal assumptions are here similar 
to those for wings of infinite span. But it is necessary to take into account the 
effect of the fixed end and in general the effect of different distortions of cross 
sections on values of the longitudinal forces due to the action of the torsional 
moment. Stresses in the cross section are calculated independently for the 
bending moment M and for the shearing force Q. The moment of twist \/, is 
obtained after the transmission of force Q to the centre of twist. The bending 
moment produces normal stresses in the section as given by the formula (1). 
The twisting moment introduces non-uniform distortions of the wing sections 
varying, from zero to the maximum, with the distance from the fixed end o! the 
wing. ‘This way additional normal stresses and also additional shearing: stresses 
are applied. From the general considerations it is easy to conclude that addi- 
tional normal forces in the section form a system of forces in equilibrium, and 
their values depend on the type of cross section as well as on the external loading. 
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The multispar wing possesses a sufficient number of stiffening ribs and the 
number of these is known for each structure. In order to simplify the calcula- 
tions we assume that the external loading is distributed along the wing in such a 
way that it acts only on the planes of the stiffening ribs. This is a very close 
approximation due to the small spacing of the ribs. We assume also that the 
external skin and the webs of the box section allow only shear stresses (except 
the normal stresses from the bending moment), while additional normal tensions 
are transferred by the longerons of the spars. The form of box section for each 
region is assumed as rectangular, with the average dimensions giving the real 
stiffness of cross section. Thus the whole volume of the wing is divided into 
segments (between neighbouring ribs), each of which consists of parallelopipeds 
and of two cylinders with front and back box sections cross sections. The 
segments of the wing are marked by successive numbers n—1, n, n+1,..., etc., 
while for the doubly. connected regions (box sections) there are similar notations: 

Let us consider conditions of equilibrium of a segment as shown in Fig. 8. 


Sne 
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The nth segment has (n—1)th section on the left end and nth section on the 
right end, while ith box section is considered. The left end is loaded by the 
bending moment M, by the shearing force Q, and by the additional normal forces 
S,1,; (due to torsion). In a similar way on the right end are acting M+ QI, 
Q and S,,, (left and right). 

Normal stresses due to bending may be easily calculated and the stresses due 
to transversal force Q will be considered. It follows from the assumption that 
the external loadings are concentrated on the plane of stiffening ribs that we 
obtain a constant shearing force on the whole length of the segment, and an 
increase of bending moments proportional to the distance from the left section. 
Applying the previous method of calculation we cut the external cover along 
each box section, replacing doubly connected regions by open ones (Fig. 8) and 
introducing the proper applied shearing stresses. As a principal element the nth 
segment of the wing with the ith box section of the section is considered. 

The normal forces in longerons and the tangential stresses in the place of 
intersection of the cover are here statically indeterminate (forces S and values 
Qn; Of shearing stresses). Taking into consideration that q,,; is constant on 
the whole boundary of each box section we divide the nth segment into separate 
box sections, with applied normal forces P,_,,; and P,,,; as axial loadings of 
longerons (Fig. 9). The real forces S in the longerons will be obtained as a 
difference of forces P in the one section of longeron. Thus for the right longerons 
of the section we obtain: 

| Dis iz | i— | 
and for the left ones: 


| | | 


Yj 
th Vad js 
73) 


1050 WITOLD BILLEWICZ. 


The additional tangential stresses in the upper and lower surfaces of the ski 
as well as in the left and the right vertical webs of the section (caused by nop. 
uniform distortion of cross sections along the wing) are connected by the 
following equation : 


(7/3) cover 2H 2h + (7/8) wen 2H2h=0 


or 

(where 7’ denotes additional tangential stress in the cover or in the vertical web), 
The total value of the tangential stresses is expressed as the sum qg+4q,, \+q/ 


where gg= + QySx/1x as given by formula (3). In any cross section of 
the box distant x from (n—1)th stiffening rib (in the nth segment of the wing} 
the value of the axial force is: 

Pi =P it (x/l) i) (11 
which follows from the condition of constant shearing force between the ribs, 
where | is the length of the segment. From this linear increase of the axial 
forces P, between the ribs, the values of additional tangential stresses can he 
taken as constant for each segment. 

ea = (1/2 l) (Pas i). 


4 


FIG. 9. 


The total loading of shearing stresses in the box section may be expressed by 
the following formulas: 


2 = (4/21) (Posi )] 2 H+ | 
cB 
(glover ) 2 H= Qlewer =[ qu, (1/21) (Pa i— Pn )] 2 H+ | 
“D (12) 
(q )2h=Q = [Quit (1/21) i] 2h+ |qath 
B-A 
b-C 


Expressions (11) and (12) may be used for each box section. To find the 
shearing stress at some point of the wing’s cross section it is necessary to add 
the corresponding stresses of two adjacent sections. 

We denote by (Q:)ue and (Q,),, the total tangential force in the upper and 
the lower cover analogously with (Q;)iy and (Q)rw~ the total tangential force in 
the left and the right vertical webs, where the position of these webs is given 
with respect to the ith section. By S,' and S," are denoted by the total additional 
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axial forces in the left and the right longerons at a distance 2 of the cross section 
from the rib, as shown on the Fig. 10 (without the effect of bending). 


(Qt)uc= [Gn i— (1/21) (Pas 2H + | 
C-B 
(Qe)iw = i— + (1/2 (Pas i— i) 
— (1/21) (Pas — Pays iy) ] 2+ | doth 
B-A 
[dur (1/2 1) (Pav Pras s)] 2 H+ | 
AD (13) 
(Qew = i— Gn» ig, + (1/2 
tox) 


The forces S,' and S,* found from the formulas (13) have a direction as shown 
on the left vertical web (Fig. 9), i.e., as tensile forces for the upper and as 
compressive for the lower longerons. 

To find all the unknown values we use the principle of least work which gives 
the number of equations corresponding to the number of axial forces P,, ,, and 
also make use of the condition of absolute stiffness of ribs which gives the 
constant value of the angle y for all doubly connected regions of the cross 
section. In this way a sufficient number of equations is obtained to solve the 
problem, for the angle y will be found from the equation of equilibrium (4). 

The total potential energy of the system is obtained by summations of respective 
terms representing the energy of particular elements. Thus: 

Q?.1/2 G.F, for the upper and the lower cover, 
Q?,,l/2 GF, for the left and the right vertical webs, 


S,*dx/2 H,F, for the left and the right longerons, 


where G,F,, G.F, and E,F, represent the average stiffness for the cover, 
vertical webs and longerons. The summation must include all the wings elements 
with the front and the back of the box sections. 
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In general, in the term | S,*dx/2 E,F, must be taken not only S, froin (13) 


but also the normal forces due to bending. But here, as follows from conditions 
of symmetry, these normal forces will not enter into equations of minimum cnergy 
and may be omitted, in the same way as equation (6) does not contain : orma| 
stresses. 

It is easy to see that to obtain the equations of minimum energy it ‘s not 
necessary to take the expression for potential energy of the whole system. Fo; 
in the formula 0L,/0P,,;=o it will be sufficient to take only terms con aining 
the variable P,, ;. 

Thus denoting by L,,; the potential energy corresponding to the section (n, i) 
where the adjacent longerons and sheets are entirely included in this section, we 
obtain the equation: 


where 


The value of derivative 0L,, ;/OP,,; may be presented as: 
The values of coefficients p, t and r are calculated by substitution of particular 
values from equation (13) into equation (15). Notations are taken from the 
article of Mr. Kisielew, but the results are quite different. Rgtvesg 


= (H?/l*?) (E\F,/G.F.), B=(h?/P) 8=1/E,F, 
then 
p,= —h?/IG,F, — 21/3 E\F,= —(3 B+ 2) (8/3), 
t, = —p,—l/E,F,\=(3 B—1) (8/3), 
r,=—2h?/G,Fy= —2 Bal, 
p,=2 +41 3 E,\F\=[3 (2+ 8) +2] (2 8/3), 
t, = —2 H?/IG,.F,—2 h? IG,Fy +2 1/3 —[3 (a+ B)—1] (28/3 
r,= —4 H?/G.F,+4h?/G,F, = — 4 (a—8) al, 
Ps=Py 
and 


fas i (a) = — (1/2 G8.) [| + | ] + (1/2 [ | | 
CB D-C 
where the thickness of the cover and of the web is 6, and 6,. 
In the following formulas we use the notations: 
3 t,=(3 B—-1)d=a, —3 p,=(3 B+2) d=), 
—37r,=6 Bl=c, —3 t,=2 [3 (a+ f)-1] d=. 
3 [3 (a+ 8) +2] 8=B, —37r,=121(a—f)d=C. 
To obtain the derivative dL,,,.;/P,,; we find the value of dL,, ,/OP,,, ; and 
of OL,,;/OP,_,,; from (15), then after the substitution of (13) we have the 
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which gives after the substitution of n+1 instead of n: 
i/ oP,, [(p, 6) i¢. (Peo 3) i 
+ (py +8) Payys ing + (t, +8) Pas —2 8) Pa, it +8) Pas 
+7 + it ina t s (Ga) . (17) 


The equation (14) now becomes as follows: 


Ch it — Cn» — 3 i (da) + 3 i (dq) = oO. (18) 


This equation may be called the equation of nine axial forces in the wing. 
The number of these equations corresponds to the number of sections in the 
wing (vi), thus to the number of unknown axial forces. For sections of the 
segment with fixed end the equation (18) may be used when all terms with the 
‘+1’ are cancelled. This may be easily explained when ‘* mirrors ”’ 
method as for beams with fixed end is applied. Therefore for sections at the 
fuselage there will be: 


if i¢1 Uns if n—1? i¢1 B,, if A,, if n—12 i Du, il n> i-y t+ Any if n—1? 

— n> ifn i— + 3 Jn» i (qh =O 

For the two-spar wing where, besides the middle box section there are the 

front and the back box sections transmitting tangential stresses, we use the 

equations (18) and (18’), assuming that the axial forces with indicators ‘* i—1 ”’ 

and ‘*i+1’’ are equal to zero. The (i—1)th section we note as the front 

section, the ith section as the middle one and the (i+1)th as the back section 
with respective signs. Then for any segment there will be: 


n+l + (B,,,+ B,,) n—Agl n-] back back 7 ( n+19 middle 


middle 9n4 1? front front — pe (GQ) T 3 In (dq) oO. (19) 

and for the segment at the fuselage: 


Let us consider now the angle of twist Ag for the xth segment of the wing, 
which is constant for the whole cross section. We apply here the same methods 
as for infinitely long wing (equation 5), then: 

Ag=(1/2 Fy, i) - ‘ (20) 


The value of OL,, {/%qn,; will be found from (15), and: 


i= (8 H7l/G.F,) qu, i+ (2 H1/G.F,) ( | | H) 
A-D 


(2 hl/ GF (4 Gy Fw) Pos i) 


B-A 
(2 h? GF.) (Pa i=" Pais (4 h?l n> 


D-C 
where 
Noting by y, the angle of twist for unit length of infinitely long wing under 
the action of pure torsion, we obtain: 


(n> i/2 i) (4 H / G8.) (qu baa) h [2 iGwOw 
(dns du» 14 2 h Pas iGy5y- 
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The corresponding effect of shearing force marked by a; in calculations of 
infinitely long wing may be given here as: 


ony >= (1/2-Fa, [1/Gd (|qadH + | 
C-B A-D 
aod]. 
B- D-C 
After the substitution of y, and a,, ; into (20) the angle of twist Ag is expressed 
as follows: 
Ao = (yn + ;) (81/2 Hh) [(a— 8) (Pa, i— Po_,, + (8/2) (Pas — i_,) 
+ (8/2) (P n? i+1 (Yn + an, i) (1/2 Hh) [C “n> i i— Py). i 
where values of factors a, 8, 4, c,, ; and C,, ; are given before (formulas for J,, }), 
For the two-spar wing this expression is considerably simplified and becomes: 
Ao=(ynt+ an) l—(C,/24 Hh) (21/) 
The system of equations (4), (18) and (21) enables us to find all values desired, 
As special cases, the loading may be considered of a wing under the action of a 
twisting moment applied in the planes of the stiffening ribs. Then in the 
equation (4) we replace Qc by the value of twisting moment (M,) in the given 
cross section, and in the equations (4), (18) and (21) we take as equal to zero 
all terms due to shearing force, thus: 


Qghids =o, f (qg)=0 and ay, 


To find the centre of twist of the cross section we use again equations (4), (18) 
and (21). Then we substitute Ag=o and find the distance c of shearing force 
from the centre of gravity. After the application of shearing forces in the 
direction of principal axes, the values of co-ordinates x, and y, of the centre of 
twist are obtained. 


CALCULATION OF THE FIXED END SECTION. 

The fixed end section with greatest tangential stresses in girders, as well as 
normal, in longerons must be sometimes calculated approximately, independently 
of the design of the whole system of the wing. This calculation is very important 
and enables the designer to obtain a clear idea of the dimensions and _ thus 
facilitates further calculations of particular elements. From the equation (18’) 
for the sections near at the fuselage after the substitution of values 

Biss i= i+6 i and Ons i 
we obtain the equation : 
— np) j (Fe i+] —P,_,; On» ra i+, T ¢ Aw i (Fas i) 6 Ons if 

Taking now into consideration the actual condition of continuous loading 
acting on the wing’s surface we assume the very small length Al of segments 
(as a distance between assumed stiffening ribs) and take the limit when A/ 50. 
Write P,, ;—P,_,,;=AP,,;, then the previous equation after the substitution of 
values for i, Any iy Cnsiy Cas iy Sn» i May be written: 

(AP,. ;,,/Al) — (3Al/E,\F)) Pa, 
+ (6 Al?/E,F,) (AP,, ,/Al) 
+ (6 Al/E,F;,) P,, ;+(—3 h?/GyFw.+ Al?/E,F,) (AP,, ;_,/Al) 

The angle of twist for unit length of this segment (as in the formula (21)) is: 

Ag/Al=yn+ ay, (1/24 Hh) (Cy AP,, ;/Al + Cn) AP. i-}/ /Al+c,, i AP n? i+ Al). 
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When Al > o the limit of this ratio will be: 
lim (A@/Al) = 4¢/dl=y, and lim (AP/Al) 59 =4P/dl 
for particular boxes of the section. Thus for the ith box there will be: 
— (3 h?/G,Fy) (dP, i,,/al) + (6 H?/G.F,+6 h?/G,F,) (dPp, ;/dl) 
(3 h?/G, Fy) (dP,, / dl) =Cns iQn> T i 
and 
Yo= Yn + Gn» (1/24 Hh) (C,, + Cy, . (23) 
where y, is constant for the whole fixed section. 

From the system of equations (22) and (23) can be found values of tangential 
stresses and of derivatives of the normal forces in the fixed end section. When 
these derivatives are known we may find the approximate values of axial forces 
with the assumption of linear increase of these forces from zero (in the cross 
section distant at about {th to 1th length of the wing from the fixed end) to the 
maximum value in this section. 

Thus we obtain 

where 1, varies from $1 to }1 (41<1, <3 1). 

Here can be used the knowledge of the general character of curves P=f (2). 
In order to determine the centre of twist of the fixed section we substitute in 
equation (23) y.=o and from equations (22), (23) and (24) we find co-ordinates 
of this centre. 

A numerical example will be considered, where the dimensions (Fig. 11) are 
taken from Mr. Kisielew’s article. 


NUMERICAL EXAMPLE. 
Let us consider as an example a four-spar wing (as shown on the Fig. 11) 
with five doubly connected regions. The given solution gives clear indications 
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how to use in the most convenient way the methods described. Besides the main 
longerons of the spar there are many longitudinal struts to stiffen the structure. 
The area of the cross section of these stiffening struts is very small as compared 
with the area of the longerons, so to find the additional normal forces due to 
twist (P,,;) only the main longerons will be considered. But all longitudinals 
are transferring the normal forces due to bending, while the outer skin and 
vertical webs consist of corrugated shell and cannot transmit the normal stresses. 
Thus to obtain the shearing stresses qg in girders the usual formula 
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will be used, where the statical moments S, and S, and moments of inertia 
I, and J, with respect to principal axes correspond cnly to cross sections of 
longitudinal elements. . 

Our example is solved as a double problem, one as for infinitely long wing 
and two for wing with finite length where one end is fixed. The loading is 
assumed as acting in direction of principal axis ‘‘ v.’’ In the general case thi 
transversal force QY must be resolved into components Q, and Q, and the sam 
method as will now be applied for the second component. All unknown values 
are calculated as functions of the shearing force QY and of the distance c of this 
force from the centre of gravity. This allows us also to find easily the centre of 
twist for each cross section. The modulus of elasticity and the modulus of shea: 
are taken respectively (as for duralumin): E=7.2 x 10° kg./cm.? and G=2.6 x 10 
kg./cm.?. 

To obtain the system of equations (6) which together with the equation (4 
give the solution of problem, we arrange the corresponding Tables I, II and II! 
to get all necessary data. Dimensions in the tables are given in kilograms and 
centimetres. The following notations are used: 

x, y—the axes of co-ordinates, as on Fig. 11. 

Yo—co-ordinates of the centre of gravity of the cross section and _ 
system of central axes parallel to x and y. 

u, U—principal axes of cross section. 

AF—area of the section of longeron or of longitudinal strut. 


I—moment of inertia of cross section. 


Agg-; = Ali"; /I,—the change of value of shearing stresses in the open cover 
due to the loading by unit transversal force Q=1 kg. in direction of 
v axis. 


h;—distance of the tangent to the girder of cross section from the centre of 
gravity. 

As;—the length of the arch of girders between two adjacent longitudinal 
struts. 

According to the system assumed in Fig. 5 we piace the intersection of external 
cover on the arches 2-3, 4-5, 8-9, 10-11 and 11-12. In order to simplify the 
calculations we measure lengths of arches As, along the chord which is in very 
good agreement for the short elements. For the front and back sections 
(elements 1-1/ and 17’-17) there are taken two elements for each, giving a close 
approximation. Table I contains geometrical data of the wing section to calculate 
the principal axes. 

The centre of gravity is determined by co-ordinates as follows from the 
Table I: 

Cm., 5280:3/ 122.11 = 43-3 cm. 
POSITION OF PRINCIPAL AXES wu AND U. 
From data given in the Table I we calculate 1,,, Tyo, Ixoyo 
= 550492 — 122.11 (43.3)? = 550492 — 228943 = 321549 cm.* 
Io = 13719947 — 122.11 (287.1)? = 13719947 — 10065089 = 3654858 cm.* 
I = 1347039 — 122.11 43.3 287.1 = 1347039 — 1518002 = — 170963 
The angle of inclination of principal axes is given by the formula: 
tg 2a=2 (Tyo — = — 341926/(3654858 — 321549) = — 0.10258 


thus 
2 a= —5.857°, a= — 2.9285° or a= —2° 56. 


Position of principal axes is shown on the Fig. 11. 
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CALCULATION OF PRINCIPAL MOMENTS OF INERTIA J, AND I,. 


I,=1,, cos? a+ sin? sin 2 
I,=I,. sin? a+I1,, cos? a+ I,oyo Sin 2 4 
where 
sin a= —0.05109, sin 2 a= —0.102046, Cos a=0.998694, 


sin? a=0.0026102, COS? a=0.997 3807. 
After the substitution of these values we obtain: 
I, == 312800 cm." 
I, = 3663600 cm.* 
In Table II are given principal co-ordinates of particular points of cross 
section. 


TABLE II. 
CALCULATION OF PRINCIPAL CO-ORDINATES OF PARTICULAR POINTS OF Cross Srcrioy, 


sina; w=(x—-2,) cosa+(y—yY,) Sina. 


AF (y—y,) cosa (x—x,) sina v (x—x,) cosa 1 u 
1.26 — 257.1 28.2 28.16 13.14 15.02 256.76 —1.44 — 258.20 
1.26 — 257.1 - 27.3 — 27.26 13.14 — 40.40 256.76 1.39 — 255.37 
2 1.26 — 234.1 40.7 40.65 11.96 28.69 — 233.79 — 2.08 — 235.87 
af 1.26 — 234.6 — 35.3 — 35.25 11.99 — 47.24 — 234.29 1.80 — 232.49 
3 10.18 — 192.1 54.2 54.18 9.81 44.32 - 191.85 —2.77 — 194.62 
3’ 10.18 — 192.1 —41.3 — 41.25 9.81 — 51.06 — 191.85 204 — 189.74 
4 1.883 — 158.6 61.2 61.12 8.10 53.02 158.39 —3.13 — 161.52 
4! 1.26 — 167.1 — 46.8 — 46.74 8.54 — 55.28 — 166.88 2.39 — 164.49 
4” 1.26 —141.1 — 49.3 — 49.24 7.21 — 56.45 - 140.92 2.52 — 138.40 
5 10.18 —114.1 64.7 64.62 5.83 58.79 113.95 —3.31 —117.26 
a 10.18 —114.1 48.8 — 48.74 5.83 — 54.57 — 113.95 2.49 —111.46 
6 1,883 — 79.1 66.6 66.51 4.04 62.47 - 79.00 — 3.40 — 82.40 
6’ 1.26 — 78.6 — 53.8 — 53.73 4.02 — 57.75 — 78.50 2.75 — 75.75 
7 1.883 — 35.1 65.7 65.6! 1.79 63.82 35.05 — 3.36 — 38.41 
ih 1.26 — 35.1 -55.8 — 55.73 1.79 — 57.52 35.05 2.85 — 32.20 
8 1.883 7.9 63.2 63.1° — 0.40 63.52 7.89 - 3.23 4.66 
8’ 1.26 7.9 — 57.3 —57.2 — 0.40 — 56.83 7.89 2.93 10.82 
9 10.18 42.1 61.2 61.12 — 2.15 63.27 42.05 — 3.13 38.92 
10.18 42.1 54.3 — 54.23 — 2.15 — 52.08 42.05 Ae A 4 44.82 
1.883 87.5 51.2 51.13 - 4,47 55.60 87.39 — 2.62 84.77 
1.26 74.65 —57.3 — 57.23 — 3.81 — 53.42 74.55 2.93 77.48 
1.26 100.55 —57.3 -57.23 — 5.14 — 52.09 100.42 2.93 103.35 
10.18 133.9 40.7 40.65 — 6.84 47.49 133.73 — 2.08 131.65 
10.18 133.9 -54.3 — 54.23 — 6.84 — 47.39 133.73 Ae I | 136.50 
1.225 144.55 37.35 37.30 — 7.39 44.69 144.36 —1.91 142.45 
1.225 144.55 —54.3 — §4.23 7.39 — 46.84 144.36 147.13 
1,883 191.4 26.7 26.67 - 9.78 36.45 191.15 - 1.36 189.79 
1.26 192.9 — 55.3 — 55.23 9.86 — 45.37 192.65 2.83 195.48 
1.81 239.1 12.7 12.68 12:22 24.90 238.79 — 0.65 238.14 
1.81 239.1 49.3 49.24 12.22 — 37.02 238.79 252 241.31 
1.883 284.9 0.7 0.70 — 14.56 15.26 284.53 —0.04 284.49 
1.26 286.4 — 50.3 — 50.23 - 14.63 — 35.60 286.03 ARTY | 288.60 
1.26 334.9 - 13.3 — 13.28 —17.11 3.83 334.46 0.68 335.14 
1.26 335.5 —47.3 — 47.24 -17.14 — 30.10 335.06 2.42 337.48 
1.26 379.1 - 27.3 — 27.26 — 19.37 — 7.89 378.60 1.39 379.99 
1.26 379.4 — 44.3 — 44.24 — 19.38 — 24.86 378.90 2.2 


26 381.16 


Now we form Table III containing the values of separate terms of equations 
(6) and (4). In the sixth column of this table are given values of tangential 
stresses in the open section (as in Fig. 5). These values are multiplied by 10° 
due to the very small numerical fractions. In the fortieth row of the table 
corresponding to the element 12-11 the value of qg-, must be equal to zero, or 
very near to zero—from numerical approximations of calculation. (In our 
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example this value is 0.0000059.) It is necessary to use very accurately the signs 
of qq to obtain moments as in the ninth column. Positive or negative moments 
correspond to the direction of vector h,As iQg=1» it is clear now that due to positive 
direction of dg (Fig. 5) the negative moments will be for elements (9-9’) and 
{11-11'), however all factors of the product are positive. 

The system of equations (6) may be written for five doubly connected regions 
(Fig. 11) after the substitution of values of areas closed in the boundaries, 
where : 

F,=6170 cm.’, F,=9100 cm.’, F’;= 19600 cm.’, F',= 10400 cm.*, F;= 16310 cm.?. 

The five equations obtained contain five unknowns, q,. qs, 43; G4, qs (the last 
four terms of equation (6) are found as a sum of corresponding values from the 
last column of table). 

(1) 2 6170 y=q, 218.1/13 10°+(q,—q,) 100.5/32.5 10°—Q 467.0 107° 
(2) 2 9100 y=q, (124.9/13 10° + 34.0/18.46 10%) +(q,—q,) 100.5/32.5 10° 
+ 120.0/2 29-42 10° 10 

(3) 2 19600 y=q, 322.4/13 10°+(q,—q.) 120.0/29.12 10° 

+ (d3—4,) 123-0/29.12 10°+Q 1474.5 107 
(4) 2 10400 y=q, (93.5/20.8 10° + 33.0/18.46 10° + 26.3/13 10° +34.2/7.8 10°) 
+ (44-43) 123-0/29.12 10°+(q,—q;) 100.5/32.5 10°+@Q 998.2 107°. 

(5) 2 16310 y=q,; 617.6/7.8 10°+(q,;—q,) 100.5/32.5 10°—@ 2429.6 107%. 

These equations may be written in the final form as follows: 
(1) 19.87 q, — 3-09 q,=12340 10° y+ 467.0 107° Q. 
(2) —3-09 q, + 18.66 q,— 4.12 g,=18200 10° y+ 843.5 107° Q. 
(3) —4-12 + 33-14 ds — 4-22 39200 10° y— 1474.5 107° Q. 
(4) —4-22 q,+ 20.01 g,— 3-09 g,= 20800 10* y—998.2 107° Q. 


8 


(5) —3-09 82.27 q;= 32620 10° y+ 2429.6 Q. 

To solve this system of equations the Gauss method is used by reductions to 
unity the coefficients of unknown values and then by successive subtraction of 
equations. 

The unit angle of twist y will be determined from equation (4): 

+2 + 40.60 9—Qc=o 
or after the substitution of q; from the previous table: 
104 y (1045913.7 + 2651496.1 + 6063064.0 + 2985259.7 + 1469221.1) 
+ 107° Q (366477.0+ 725137.1 — 1826814. 1 — 115,3880.0 + 895366.8) 
+ 40.60 Y—Qc=o 


14214954.6 104 y—993713-2 Q+ 40.60 


or 


thus 
y=7-035 10°'* Qc— 215.709 107 Q. 
In order to fix the centre of twist we assume y=o then c= 30.66 cm. 
The final formulas for q, are obtained after the substitution of y in the expres- 
sions given in the last row of the table of coefficients : 
q,=11.41§ + 0.596 Qe 
q2=8.417 107° Y+1.025 107° Qc 
q3= —79.966 107° 1.088 107° Qe 
— 86.434 107° 1.010" Ve 
17-733 107° 9.+0.317 107° Qc 
This is the complete solution of the problem for the infinitely long wing with 
arbitrarily taken force Q and distance c. The same example will be now again 
solved on the assumption of a finite wing. Together with this will be given also 
the solution for the fixed end section. 


The same cross section as in Fig. 11 is considered, where the wing with finite 
length is assumed. As follows from the given theory, instead of the actual cross 
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From equations (4), (18) and (21) the values of forces P,,; and qa, ; 


on the loading of separate cross section containing stiffening ribs. Th: 
in this example we consider only the last segment of the wing with fis 
section, especially as here are the maximum stresses. Calculations of thi 
wing are carried out in a similar way, but the exact solution needs sometimes 
several hundred equations and is very laborious for practical calculations. 

Therefore we examine the fixed section to obtain an idea about the \ 
the whole system by noting certain assumptions. 


All internal rectangular box sections are taken as having the tot: 


enclosed in the boundary as being equal to the actual area of the rea 
section, the distances between separate spars being the same. The 
stiffness for separate members (skin, vertical webs and longerons) is foun 
the assumption (F,.)=(F,.) and (Fj,)=(F 


The front and the back sections are taken as real cross sections. 


In the following table are given average values for separate sections 


and IV thus is for sections between spars I-II, II-III and III-IV, as sh¢ 
the Fig. 11. (Dimensions are given in cm.) 


Section IT, Section III. S¢ 

Area closed in the boundary __... 9100 19600 
Length of the base of rectangle 2H ... —. WO 156.2 
Height of rectangle 2h ... vite ay ... 116.67 125.48 
Mean value of F, 8.06 

Mean thickness of cover, 6, ... oh ane 0.056 0.052 

vert. sheets, 6, ... 0.109 


> 


It is evident that for wing with ‘‘ n”’ stiffening ribs the total nun 


axial forces P,,; is equal, for the cross section considered, to 3n, a 
number of values q,,; is equal to 5. But here we calculate the section 
fuselage only and to compare the results obtained with the calculations 
infinitely long wing we use formulas (22) and (23) to determine the centre of 
twist of a cross section. For five separate box sections of the wing (I 
we have five unknown values of stresses: ¢,, Go, Ya» V4. Ys, and three ui 
axial forces: P,, P,, P, (as in Fig. 9) in the fixed section. 
back sections have no axial forces: P,=o and P,=o. ‘The formulas (22) a 
are applied to the central section (znd, 3rd and 4th) which are repla 
equivalent rectangles ; two additional equations are obtained for the front : 
back sections from the formula (23) respectively transformed. 


First we calculate the separate terms from equations (22) and (23). 


Section IT. 
Gc,, ;= 6h? /F,, = 1570.602, GC,, ;=12 (H?/F,—h?/F,,)=1074.036, 
i (Cg) = —0-7340 Q, Ga,, ;= —0.00010712 Q, 
—0.0577517 7, + 0.268564 q.—0.0577517 


Section ITI. 
Gen, 1735-332, ,=5610.636, Gfni (dg) = — 1.2004 Q, 


Q 

| 

9 


SECTION IV. 


Ge,, ;=1462.062, GC,, ,= 1234.056, = 0.0986 Q, 
Ga,, ,=0.00010583 Q, Gy, = —0.0469579 q, + 0.227657 —0.0469579 


section there must be taken an approximate one, in which each of box sections 
has dimensions as near as possible to those really existing. 
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Substituting these values into (22) and (23) we obtain the following equations 
for sections 2nd, 3rd and 4th: 


SEcTION II. 


— 785.301 dP, /dl + 3678.222 dP, /dl=1570.602 q, + 1074.036 q. 
+ 1570.602 q,+ 2.2020 Q, 


and 
= 0.268564 g.—0.0577517 G,—0-0577517 g,—0.00010712 Q 
— 0.0196704 dP, dl —0.0287648 dP,/dl. 
Section III. 
- 867.666 dP, /dl+6275.982 dP, /dl— 867.666 dP, /dl=1735.332 4, 
+ §610.636 + 1735-332 Jo+3-6012 Q, 
and 
Gy. = 0.211991 J, —0.0293671 —©.0293071 g,+0.00009508 
—0.0477095 dP, dl—0.0147562 dP, /dl—0.0147562 dP, /dl. 
SecTion IV. 
3541.152 dP,/dl—731.031 dP, /dl=1462.062 y,+ 1234.056 q, 
+ 1462.062 q,—0.2958 Q, 
and 


Gy. = 0.227657 q4—0.0469579 q, + 0.0469579 +.0.00010583 
—0.0197748 dP, /dl—0.0234284 dP, /dl. 

Applying the expression (23) for the front and the back sections we find that 
beside the elements y, and a,,; (as for infinitely long wings) there is also the 
eflect of additional axial forces P,,;. These additional terms for the front and 
the back sections may be expressed as follows: 

—(1/24 Hh) ; (dP, /dl) (for P,, ;=0 and P,, ;_,=0) 
for the front section and 
-(1/24 Hh) e,, (dP, /dl) (for P,, ;=o and P,, ;,,=0) 
for the back section. The factor in the Legace! 4 Hh=F,, ; and 
6h? / GH h/G6,y. 
Thus for the front section there will be: 
Yo= Yn t+ Gn i- (h /2 GF ) (dP, /dl) 
where |i, 6, and P, correspond to the Section II. 
For the back section 
Yo= Yn + Ons i— (h/2 GF,6,,.) (dP, /dl) 
where |i, 6, and P, correspond to the Section IV. 

Values of y, and a,,; are found from the formulas already given by integra- 
tion over the respective boundary. It is easy to see that the same value for 
y Would be obtained from the equation (6) if in expression on L,; we substitute 


under the integral (|) the additional value for q equal to —dP,/2dl or —dP,/2 dl 
D-C 
respectively as follows from influence of additional forces. 

In the equations for the front and the back sections (1st and 5th equations 
for infinitely long wing) there are given values of y=7y)+o,;, now with the 
addition of these additional terms we obtain the value of y. 

Thus we have: 

Gy, =0.41865 g,—0.065105 q.—9.-83955 107° Y—0.0425884 dP,,/dl 
for the front section and 
Gy,= —0.024629 q,+ 0.65574 19-3653 107° Q@—0.0149712 dP,/dl 


for the back section. 
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There are eight equations with eight unknowns and with two parameters Q 
and y.. The value of y, we find from the equation (4) as additional axia! forces 
are without influence on value of torsional moment. 

(1) 0.41865 q,—0.065105 q, —0.0425884 dP, /dl= Gy, +.9.83955 107° Q. 
(2) —0.0577517 q, + 0.208564 q,—0.0577517 q, —0.0196704 dP, /dl 
— 0.0287648 dP, /dl=Gy.+ 10.712 107 
(3) —0.0293671 g.+0.211991 q, —0.0293671 g,—0.0147562 dP, /dl 
— 0.0477095 dP, /dl—0.0147562 dP,/dl=Gy,—9.508 107 
(4) —0.0469579 + 0.227657 q,—0.0469579 q; —0.0234284 dP, /dl 
-0.0197748 dP, /dl= Gy, — 10.583 107° 
(5) —0.024629 q,+ 0.65574 q. —0.0149712 dP,/dl= Gy, + 19.3653 107° 
(6) 1570.602 q, + 1074.036 q, + 1570.602 q, — 3678.222 dP, jdl 
+ 785.301 dP, /dl= — 2.202 
(7) 1735-332 2 + 5010.636 q, + 1735.332 4, + 867.666 dP, /dl 
— 6275.982 dP, /dl + 867.666 dP, /dl= — 3.6012 
(8) 1462.062 q, + 1234.056 q,+ 1462 


on 


.062 q,+731.031 dP, /dl 
— 3541.152 dP,/dl=0.2958 Q. 
From the first five equations we obtain q,. q., 43, 94 Ys, by the Gauss method: 
q,=0.120096 dP, /dl + 0.026606 dP, /dl +.0.003031 dP, /dl 
+ 3.290420 (ry, + 29.112859 1075 Q. 
q.=0.118104 dP, /dl+0.171086 dP, /dl+0.019493 dP,/dl 
+ 5.798917 Gy, + 36.073619 107° Q. 
q3 = 0.088520 dP, /dl + 0.270926 dP, /dl+0.087615 dP, /dl 
+ 6.360875 Gy, — 46.842462 107 @. 
q,= 0.018397 dP, /dl + 0.160038 dP, /dl+o0.110504 dP, /dl 
+ 6.066150 Gy, — 50.448037 107° Q). 
q; = 0.000091 dP, /dl+o.oo6011 dP, /dl+0.026981 dP, / dl 
+ 1.752834 Gy, + 27.637197 107° Q. 
After substitution in the last three equations we find the values: 
dP, /dl= 20.13874 Gy, +92.32016 107° Q 
dP, /dl=28.20067 Gy, + 47-75085 107° Q 
dP ,/dl=18.54553 Gy.— 12.996 107° Q 
Now we can express values q, as functions of Q and y,: 
q,=6.51552 Gy.+ 41.43137 10°° Q 
1336364 Gy. + 54-89420 107° 
q, = 17.40872 Gy, — 26.87035 10°° @ 
q,=12.99918 Gy, — 42.54283 107° 
2-49227 Gy, + 24.09176 107° Q 
The unit angle of twist y, will be determined from the formula (4) which is the 
same here as for the infinitely long wing: 
2.6170 q, + 2.9100 q, + 2.19600 q, + 2.10400 q, + 2.16310 g, + 40.60 Y — (Jc =0 
or after the substitution : 
1357223.9262 Gy, + 44.132 Y—Qc=o0. 
Thus 


Gy. = 0.07368 107° Qc — 3.251637 
and with G= 260000 kg./cm.? 
Yo= 2.834 Qc — 125.063 10° Q. 
To determine the centre of twist we assume y,=c then c= 44.13 cm. 
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Now let us write in the final form the formulas for q; and for dP,/dl after the 
substitution of Gy, from the former expression : 

4, = 20.245 107° 9+0.480 107° Qc 

q2=11.4405 107° Y+0.985 107° Vc 

q3 = — 83.477 107° Q+ 1.283 107° Qc 

—84.811 9+0.958 107° Qc 

15.988 0+0.184 107° Qe 

dP, /dl= 26.835 Q+1.484 107° Qe 

dP, /dl= — 43.942 107° 2.078 Qe 

dP,/dl= —73.299 107° Y+1.366 Ye 

Thus we have given here all values of tangential stresses; and the last three 

equations with values of derivatives will enable us to find approximate values of 
the axial forces, assuming the linear increase of these from zero in the point at 
one-fifth to one-quarter of wing’s length from the fixed end to the maximum 


value in this section. The exact solution of the whole problem is quite possible 


by application of equations (18), (21) and (4) and indicates a rapid increase of 
axial forces at the fuselage. 
is very tedious and the present solution is sufficiently accurate. 


In practice an exact calculation of the whole system 
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Ground Effect—Theory and Practice. (E. Pistolesi, Pubblicazioni della R. Scuola 
d’Ingegneria di Pisa, Series VI, No. 261, July, 1935, pp. 1-25. Translation 
in N.A.C.A. Tech. Memo. No. 828, June, 1937.) (48/1 Italy.) 

The author reviews very fully the previous work of Le Sueur, Datwyler, Muller, 
Glauert, Tani and Tomotika, and concludes by describing his own method for 
obtaining an approximate solution of the problem of ground interference. 

Ground effect is still a controversial problem. ‘There is a general concensus of 
opinion that the interference lowers the drag. As to the effect of the ground 
on maximum lift, both theory and experiment are inconclusive. 

(Thirty-six references.) 


Solution of Oseen’s Equations for an Inclined Elliptic Cylinder in «a Viscous 
Fluid. (D. Meksyn, Proc. Roy. Soc., Series A, Vol. 162, No. 909, 
15/9/37, Pp- 232-51.) (48/2 Great Britain.) 

The equations of motion of a viscous fluid round an inclined elliptic cylinder 
have been solved by Oseen’s approximation, the solution being expressed in 

Mathieu functions. The complete stream function for no slipping on the surface 

of the cylinder has been found and formule for lift and drag at very small 

Reynolds numbers < 4 have been obtained. It remains for the future to extend 

the computations to larger values of Reynolds number. 

Incidentally, an expression is found for Green’s function for a plane external 
to an ellipse. 

A maximum lift coefficient of about 1.7 is reached at an angle of incidence of 45°. 

The drag increases continuously with increase of angle of incidence and the 
ratio of lift to drag has a maximum of about 0.22 at an incidence of 39°. Whilst 
no experimental results exist for such small Reynolds numbers the gencral type 
of curve is that for aerofoils. 


Flow Through Granular Media. (B. A. Bakhmeteff and N. V. Feodoroff, J. App. 
Mech., Vol. 4, No. 3, Sept., 1937, pp. A. 97-104.) (48/3 U.S.A. 

Ever since Darcy’s basic work on the mechanics of filtration, flow through 

porous media has been the object of repeated research. Numerous and most 

valuable data on filtration coefficients have been gathered, the approach in recent 


years having been broadened by invoking the principle of dynamic similitude. 

So far, however, no general picture has been disclosed, such for example as made 

available for pipes by Osborne Reynolds and his successors. Systematic esearch 
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was initiated accordingly with the object of possibly obtaining a comprehensive 
view of the phenomenon as a whole. This paper summarises the results of the 
frst serics Of experiments, which deal with flow through media composed of 
uniform spherical bodies, for which lead shot varying in diameter from 0.0377in. 
to 0.361in. was used. 

The device used permitted resistance slopes over 7:1, and the Reynolds 
characteristics were extended to 1.8 x 10°. Under such conditions the whole series 
of the successive flow forms became evident. The initial Darcy type of flow with 
resistance proportional to the first power of the velocity was superseded by a zone 
where losses rapidly grew as an increasing power in the velocity U*, until in the 
higher ranges once more an apparently stable pattern with a constant exponent 
n=1.8 was reached. 


Recent Developments of the Theory of Turbulence. (H. L. Dryden, J. App. 
Mech., Vol. 4, No. 3, Sept., 1937, pp. A. 103-8.) (48/4 U.S.A.) 

A brief account is given of the principal concepts which have been utilised in 
the formulation of theories of the turbulent motion of fluids prior to 1935 and the 
new approach originated by G. I. Taylor in that year is discussed. 

A bibliography of 31 papers is included. 


Alternating Current Equipment for the Measurement of Fluctuations of Air Speed 
in Turbulent Flow. (W.-C. Mock, Jr.. N.A.C.A. Report No. 598, 1937.) 
(48/5 U.S.A.) 

Recent electrical and mechanical improvements have been made in the equip- 
ment developed at the National Bureau of Standards for the measurement of 
fluctuations of air speed in turbulent flow. Data useful in the design of similar 
equipment are presented. The design of rectified alternating current power 
supplies for such apparatus is treated briefly, and the effect of the power supplies 
on the performance of the equipment is discussed. 


New Experimental Research on the Formation of Turbulent Flow in a Pipe. 
(H. Hahnemann, Forschung, Vol. 8, No. 5, Sept./Oct., 1937, pp. 236-7.) 
(48/6 Germany.) 


The question of the transition from laminar to turbulent flow is important from 


atechnical point of view. There are several theoretical and experimental investiga- 
tions on this subject. The former gave a critical length for the disturbing waves ; 


the latter showed that the intensity of the disturbance is also important. A 
photographic method (first developed by Schiller) is used to provide the numerical 
data. The paper shows the applications of this method to large initial disturb- 
ances, to large starting lengths and to rough tubes. The author obtains a curve 
giving the intensity of disturbance as a function of Reynolds number. This curve 
shows the change from laminar to turbulent flow. 


Aerofoil Section Characteristics as Affected by Variations of the Reynolds Number. 
(E. N. Jacobs and A. Sherman, N.A.C.A. Report No. 586, 1937.) (48/7 
U.S.A.) 

An investigation of a systematically chosen representative group of related 
aerofoils was made in the N.A.C.A. variable density wind tunnel over a wide range 
of the Reynolds number extending well into the flight range. The tests were 
made to provide information from which the variations of aerofoil section charac- 
teristics with changes in the Reynolds number could be inferred and methods of 
allowing for these variations in practice could be determined. This work is one 
phase of an extensive and general aerofoil investigation being conducted in the 
variable density tunnel and extends the previously published researches concerning 
aerofoil characteristics as affected by variations in aerofoil profile determined at a 
single value of the Reynolds number. 
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The object of this report is to provide means for making available as section 
characteristics at any free air value of the Reynolds number the variable density 
tunnel aerofoil data previously published. Accordingly, the various corrections 
involved in deriving more accurate aerofoil section characteristics than those 
heretotore employed are first considered at length and the corrections for ty. 
bulence are explained. An appendix is included that covers the results of ap 
investigation of certain consistent errors presented in test results from the variable 
density tunnel. The origin and nature of scale effects are discussed «nd the 
aerofoil scale effect data are analysed. Finally, methods are given of allowing 
for scale effects on aerofoil section characteristics in practice within ordinary 
limits of accuracy for the application of variable density tunnel aerofoi! data to 
flight problems. 


The Effect of Curvature on the Transition from Laminar to Turbulent b oundary 
Layer. (M. Clauser and F. Clauser, N.A.C.A. Tech. Note No. 613 , Sept., 
1937-) (48/8 U.S.A.) 

In the flow over the upper surface of a wing, a discrepancy between the pre. 
dicted and actual point of transition from laminar to turbulent boundary * layer 
had been found. This effect may be due to the comparatively small radius of 
curvature of the upper surface of the wing. The present tests were undertaken 
to investigate this effect. 

As no available channel was suitable for this work, a new channel with two 
working sections was built. One working section had a wall with a 20-inch radius 
of curvature and the other section had a flat wall. 

Three types of measurement were made: (a) plat ing were made with a total 
head tube . determine the character of the boundary layer at various Reynolds 
numbers. (b) The turbulence distribution in the boundary layer was investigated 
by means of a hot wire and a vacuum tube amplifier. (c) A similar investigation 
of the mean velocity distribution in the boundary layer was made by a hot wire 
anemometer. 

It was found that, by using an abbreviated form of the turbulence level traverses, 
critical Reynolds numbers for the transitions could be established. These critical 
Reynolds numbers are plotted as a function of the ratio of the distance of the 
transition from the leading edge of the plate to the radius of curvature of the 
plate for both the convex and concave side of the plate. The experimental points 
for the convex and concave side of the sheet are consistent with each other. The 
variation is of such an order of magnitude that the curvature ordinarily used on the 
upper surface of an aeroplane wing might double the critical Reynolds number. 


The Herrick Vertaplane. (R. H. McClarren, Aviation, Vol. 36, No. 9, Sept., 
1937, p- 53-) (48/9 U.S.A.) 

In appearance the Herrick vertaplane resembles a conventional biplane. The 
upper wing is symmetrical about the centre line and is devised so that it can be 
released from the fixed position and started to rotate about a vertical axis. Auto- 
rotation is then maintained, the object being to combine the slow landing charac- 
teristics of the autogiro with the high speed and efficiency of the normal fixed 
wing aircraft. One of the difficulties is obviously to develop a profile for the 
upper wing which will autorotate and at the same time be reasonably efficient 
in the fixed position. It is claimed that in its present more or less experimental 
form the machine has a top speed of 100 m.p.h. (wing fixed) and a landing speed 
(wing rotating) below 30 m.p.h. Detailed performance figures are not available, 
but the following principal characteristics are given :— 

Span (upper wing), 24ft. Area, 7o sq. ft. 
Span (lower wing), 28ft. Area, 100 sq. ft. 
Disc area, upper wing, 452 sq. ft. 

Engine, Kinner B.5, 125 b.h.p. 

Gross weight, 1,700lb. 
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firscrew Blade Vibration. (B. C. Carter, J.R. Aeron. Soc., Vol. 41, No. 321, 
Sept., 1937, Pp. 749-790.) (48/10 Great Britain.) 

During development of solid metal airscrews in the U.S.A. many vibration 
failures occurred and various investigations have been made there and elsewhere 
with a view to overcoming such troubles. The problem is to avoid airscrew 
failures while keeping weight as low as possible; its solution involves mathematical 
analysis, further development of experimental methods, and investigations in 
relation to particular combinations of engine and airscrew. 

Coming to the subject as an extension of crankshaft torsional vibration investiga- 
tions, the author, in association with his colleagues at the Royal Aircraft 
Establishment, has made extensions in the mathematical treatment which serve 
to clarify ideas concerning the modes of vibration that may occur and also to 
form a new basis for experimental investigation. The essentials of this treatment 
are described in the paper, to which there is an appendix giving a brief mathe- 
matical examination of flexural vibration of elastically encastred blades. 


Effect of Slipstream on the Longitudinal Stability of a Low Wing Monoplane. 
(C. M. Bolstar, J. Aer. Sci., Vol. 4, No. 10, August, 1937, pp. 411-416.) 
(48/11 U.S.A.) 

1. Calculated values of lift coefficient with slipstream agree closely with 
experimental power on results. 

2. Calculated values of the moment coefficient due to wing and fuselage with 
slipstream do not agree with experimental values quantitatively; the observed 
slipstream influence is approximately 1.7 times the calculated value. 

3. Slipstream improves the stability of the wing and fuselage alone in a low 
wing monoplane. 

4. Slipstream decreases the slope of the tail moment coefficient curves as amount 
of power is increased. 

5. Slipstream increases the moment caused by a movement of elevator from 
neutral to either an up or down position. 

6. Near the stall, slipstream creates an unstable region in the tail moment 
coefficient curves, when the horizontal stabiliser is on or near the thrust line. 
This disappears if the stabiliser is located relatively as high as the top position 
used in this investigation. Presumably higher positions would also be satisfactory. 

7. With split flaps set at 45°, slipstream decreases the stability in power on 
gliding flight. The effect is less when the stabiliser is mounted in the top position. 


Experiments with Automatic Flaps. (R. F. Hall, J. Aer. Sci., Vol. 4, No. 10, 
August, 1937, pp. 427-33.) (48/12 U.S.A.) 

This paper describes wind tunnel research and flight testing of a high lift wing 
development by the author. The wing has a longitudinal passage-way with a 
floating vane controlled opening at the under side, and principally up moving 
ailerons above full span automatically operated flaps. The vane, which is usually 
independent of the flap, only opens to by-pass air for discharge between the ailerons 
and flap in ordinary flight when the flap is lowered. Ailerons may be correlated 
to depress slightly with the flap. 

The passage-way increases lift, especially for small displacement angles of the 
flap, and improves control during slow speed flight and when taxying. Automatic 
lap operation is obtained by the application of initial force to produce moments 
at the flap to balance air hinge moments. Lateral control through principally 
upward movement of the aileron is satisfactory if system instability at high speed 
and large operating forces at slow speed are prevented. This is accomplished 
by an aileron lower paddle which aids response. 
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Free-Spinning Wind Tunnel Tests of a Low Wing Monoplane with Syste matic 
Changes in Wings and Tails. I. Basic Loading. (O. Seidman and \\, |. 
Neihouse, N.A.C.A. Tech. Note No. 608, Aug., 1937-) (48/13 U.S...) 

A series of tests was made in the N.A.C.A. free-spinning tunnel to det 


‘rmine 
the effect of systematic changes in wing and tail arrangement upon steady spinning 
and recovery characteristics of a conventional low wing monoplane mode! for a 
basic loading condition. Eight wings and three tails, covering a wide range of 
aerodynamic characteristics, were independently ballasted so as to be inter. 
changeable with no change in mass distribution. For each of the 24 wing tail 
combinations, observations were made of steady spins for four control si ttings 


and of recoveries for five control manipulations. The results are presented in 
the form of charts comparing the spin characteristics. The results showed that, 
with a poor tail arrangement, wing plan form and tip shape had considerable 
effect on the spinning characteristics. A wing with rectangular plan form gave 
noticeably steeper spins and faster recoveries than the same wing with army tips, 
Poorest recoveries were obtained for a wing with 5:2 plan form taper and no 
thickness taper; rapid recoveries were obtained with a wing having 2:1 taper 
in both plan form and thickness. For all the wings tested, satisfactory recoveries 
could be obtained by the use of a tail with a deepened fuselage and a raised 
stabiliser. Holding the elevators up resulted in the steepest spins from which, by 
reversal of both controls, the most rapid recoveries were obtained. Steepest spins 
were generally, though not always, associated with most rapid recovery, but there 
appeared to be no relation between the sideslip of the steady spin and the turns 
required for recovery. 


Considerations Affecting the Additional Weight Required in Mass Balance of 
Ailerons. (W. S. Diehl, N.A.C.A. Tech. Note No. 609, Aug., 1937. 
(48/14 U.S.A.) 

This paper is essentially a consideration of mass balance of ailerons from a 
preliminary design standpoint, in which the extra weight of the mass counter- 
balance is the most important phase of the problem. Equations are developed 
for the required balance weight for a simple aileron and this weight is correlated 
with the mass balance coefficient. It is concluded that the location of the c.g. 
of the basic aileron is of paramount importance and that complete mass balance 
imposes no great weight penalty if the aileron is designed to have its c.g. inherently 
near to the hinge axis. 


Wind Tunnel Tests on Autorotation. (Inter. Avia., No. 472, 18/9/37, p. 
(48/15 Switzerland.) 

According to experiments by Haller at Zurich, the tail unit of an aeroplane 
does not, as previously assumed, exercise a braking effect on the spin, but will 
contribute a spinning moment quite independently of the wing system. \Whilst, 
however, the spin of the wing system is due to a decrease in lift with an increase 
in a, the spinning produced by the tail unit at large angles of incidence is due 
to peculiar effects of ‘‘ oblique attack,’’ the portion of the rudder above the 
elevator experiencing aerodynamic force increasing the spin. The portion below 
the elevator exercises a braking effect which is, however, usually not suificient to 
prevent autorotation. 


Honeycomb Metal Wing Features New Wight Passenger Aeroplane. (\\. F. 
Sherman, Iron Age, Vol. 140, No. 1. J. Frank. Inst., Vol. 224, No. 3, 
Sept., 1937, p. 282.) (48/16 U.S.A.) 

The wing has neither conventional spars (beams) nor ribs (fore and aft formers). 
Instead it is built up of a series of rectangular tubes, or cells, which provide the 
equivalent of eight spars. Construction consists of the assembly of a number 
of spanwise webs of thin sheet aluminium alloy, flanged for assembly purposes, 


and lis 
alclad 

27 uni 
cantile 
bendin 
cover! 


Air P 


mome 
the bl 
The 
angle: 
10 pe 
cross 
ble th 
a pro 
with 


An 


An 
rotor 
show 
only 
mom 
of tl 
usin 
been 
resu 
—th 
tion 
torsi 


Win 


| 
Tes 
and 3 
coeflic 
A 

an 
exte 
witl 
tral 
spa 
The 
aer 
con 

of 
lars 

N. 
a 
pre 


atic 
line 
ing 
a 
of 
ters 
tail 


ABSTRACTS FROM THE SCIENTIFIC AND TECHNICAL PRESS. 1071 


and lightened by means of punched, flanged holes. Bottom and top covering, 
alclad sheet, is riveted to the internal structure. This arrangement produces 
27 unilormly tapered tubes or cells extending outward to the wing tip. Fully 
cantilever, this wing structure has no supports outside in the airstream, all 
bending, drag and torque loads being carried by the internal structure and metal 


covering. 


Air Propellers in Yaw. (E. P. Lesley, G. F. Worley and S. Moy, N.A.C.A. 
Report No. 597, 1937-) (48/17 U.S.A.) 

Tests of a 3-foot model propeller at four pitch settings and at 0°, 10°, 20° 
and 30° yaw were made at Stanford University. In addition, the usual propeller 
coefficients, cross wind and vertical forces, and yawing, pitching and rolling 
moments were determined about axes having their origin at the intersection of 
the blade axis and the axis rotation. 

The tests showed that the maximum efficiency was reduced only slightly for 
angles of yaw up to 10°, but that at 30° yaw the loss in efficiency was about 
io per cent. In all cases the cross wind force was found to be greater than the 
cross wind component of the axial thrust. With a yawed propeller an apprecia- 
ble thrust was found for V/nD corresponding to zero thrust at zero yaw. Yawing 
a propeller was found to induce a pitching moment that increased in magnitude 


with yaw. 


An Analysis of the Factors that Determine the Periodic Twist of an Autogiro 
Rotor Blade, with a Comparison of Predicted and Measured Results. 
(J. B. Wheatley, N.A.C.A. Report No. 600, 1937.) (48/18 U.S.A.) 

An analysis is presented of the factors that determine the periodic twist of a 
rotor blade under the action of the air forces on it. The results of the analysis 
show that the Fourier coefficients of the twist are linear expressions involving 
only the tip speed ratio, the pitch setting, the inflow coefficient, the pitching 
moment coefficient of the blade aerofoil section, and the physical characteristics 
of the rotor blade and machine. The validity of the analysis was examined by 
using it to predict the twist of a rotor whose twist characteristics had previously 
been measured in flight. The agreement between the calculated and experimental 
results was satisfactory. An examination of the assumption used in the analysis 
—that the twist is a linear function of the radius—disclosed that the approxima- 
tion introduced no appreciable error. From this examination, a formula for the 
torsional rigidity of the rotor blade was derived. 

Wind Tunnel Investigation of Wings with Ordinary Ailerons and Full Span 
Katernal Aerofoil Flaps. (R. C. Platt and J. A. Shortal, N.A.C.A. 
Report No. 603, 1937.) (48/19 U.S.A.) 

An investigation was carried out in the N.A.C.A. 7 by 10-foot wind tunnel of 
an N.\.C.A. 23,012 aerofoil equipped, first, with a full span N.A.C.A. 23,012 
external aerofoil flap having a chord 0.20 of the main aerofoil chord and 
with a full-span aileron with a chord 0.12 of the main aerofoil chord on the 
trailing edge of the main aerofoil and equipped, second, with a 0.30 chord full 
span N..\.C.A. 23,012 external aerofoil flap and a 0.13 chord full span aileron. 
The results are arranged in three groups, the first two of which deal with the 
aerofoil characteristics of the two aerofoil flap combinations and with the laterat 
control characteristics of the aerofoil flap aileron combinations. The third group 
of tests deals with several means of balancing ailerons mounted on a_ special 
large chord N.A.C.A. 23,012 aerofoil model with and without a 0.20 chord 
N.A.C..\. 23,012 external aerofoil flap. The tests included an ordinary aileron, 
a curtained-nose balance, a Frise balance, and a tab. 

The results obtained for the 0.30 c, flap verify the conclusion made from 
previous tests of the 0.20 cy flap combination, namely, that external aerofoil flaps 
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applied to the N.A.C.A. 230 aerofoil sections give characteristics more favourable 
to speed range, to low power requirements in flight at high lift coefficients, and 
to low flap-operating moments than do other types of flap in general use. The 
aerodynamic advantages of this aileron flap combination appear to oui weigh 
probable design difficulties. 


Spinning Characteristics of Wings III—A Rectangular and a Tapered Clarke Y 
Monoplane Wing with Rounded Tips. (M. J. Bamber and R. O. House, 
N.A.C.A. Tech. Note No. 612, Sept., 1937.) (48/20 U.S.A.) 

An investigation was made to determine the spinning characteristics of Clarke 
Y monoplane wings with different plan forms. A rectangular wing and a wing 
tapered 5:2, both with rounded tips, were tested on the N.A.C.A. spinning 
balance in the 5-foot vertical wind tunnel. 

The aerodynamic characteristics of the models and a prediction of the angles 
of sideslip for steady spins are given. An estimate of the yawing moment that 
must be furnished by the parts of the aeroplane to balance the inertia couples and 
wing yawing moment for spinning equilibrium is also included. The efiects on 
the spin of changes in plan form and of variation of some of the important 
parameters are discussed and the results are compared with those for a rect- 
angular wing with square tips. 

It is concluded that for a conventional monoplane using Clarke Y wings: The 
sideslip will be algebraically larger for the wing with the rounded tip than for 
the wing with the square tip and will be largest for the tapered wing; the 
effect of plan form on the spin will vary with the type of aeroplane; and the 
provision of a yawing moment coefficient of —0.025 (i.e., opposing the spin) 
by the tail, fuselage and interference effects will insure against the attainment 
of equilibrium in a steady spin for any of the plan forms tested and for any of 
the parameters used in the analysis. 


Modern Development in Anti-Aircraft Guns (from the French).  (Luitwehr, 
Vol. 4, No. 3, March, 1937, p. 120.) (48/21 France.) 

A mechanical type of detonator is to be preferred to the chemical since the 
latter is too much affected by the altitude. Recently, a device has been perfected 
for setting the detonator to the required altitude when the shell is already in 
the gun barrel. From statistics of the years 1917-18 it appears that between 
3,000 and 7,000 rounds had to be fired to bring down one enemy aircraft. It is 
interesting to note that French and German statistics are in fair agreement in 
giving between three and four guns in action for every hit. 


Some Notes on Aerial Warfare in Spain. (Revue de l’Armee de 1I’Air, No. 96, 
July, 1937, p- 836.) (48/22 France.) 

1. Fabric covered wings have been destroyed by the air concussion o! bombs 
exploding 15 m. away. All-metal machines suffer less, it is however essential in 
their case that the fuselage be fitted with vent holes which release the com- 
pressed air due to a bomb exploding in the vicinity. 

(For the same reason hangar doors must be left open and if at all possible, 
openings at opposite ends of the building should be provided.) 

2. Fuel storage tanks 4 m. underground (earth only) and covered by sand 
bags (1 m. 50) have withstood direct hits by 200 kg. bombs without trouble. 

3. Alternate layers of earth and concrete offer more resistance to bombs than 
the same total thickness in solid concrete. 

4. Incendiary bombs have produced very little effect when used agains! aero- 
dromes and hangars. Even when used against towns (Madrid, etc.) th sults 
have not come up to expectations. 
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Aerial Warfare in Spain. (Revue de l’Armee de l’Air, No. 91, Feb., 1937, 
pp. 185-198.) (48/23 France.) 
The article gives some details of the French, Russian, Italian and German 
aircraft in use up to the end of last year. 
The following conclusions concerning air fighting are of interest :— 

1. Twin-engined bombers are very vulnerable to right-angled as well as tail 
attack. The former method of attack, if carried out simultaneously 
from both sides, is specially difficult to repel. A bomber formation is 
very far from being a “‘ flying fortress ’’ and requires protection by 
accompanying fighters. 

2. The Germans specialise in low altitude attack working in close co-opera- 
tion with infantry. At altitudes below 10,000 feet, the non-supercharged 
engine gives a better performance and the aircraft is more manoeuvrable 
than the 1,000 b.h.p. high performance fighter. 

3. Steel fuselage combined with plywood or fabric wing covering is prefer- 
able to all-metal construction, since it can be repaired more easily. 

In actual service quantity counts more than quality of material, provided 
the pilots are well trained. 


The Heat Transfer Processes in Air-Cooled Engines. (B. Pinkel, J. Aer. Sci., 
Vol. 4, No. 10, August, 1937, pp. 403-9.) (48/24 U.S.A.) 

From a consideration of heat transfer theory, expressions have been obtained 
for the rate of heat transfer from the engine gases to the cylinder walls and 
from the cylinder walls to the cooling air. These expressions contain several 
empirical constants, values for which were obtained from test data for a Pratt 
and Whitney 1,340-H cylinder. The test data were obtained by the N.A.C.A. 
at its engine laboratories at Langley Field. From these expressions, equations 
are obtained for the average cylinder head and barrel temperatures as functions 
of the fundamental engine and cooling variables. Although the maximum head 
and barrel temperatures are the limiting factors, a good approximation to the 
variation in the maximum temperatures may be obtained from the variation in 
the respective average temperatures. 

The average head and barrel temperatures calculated from the equations were 
found to check experimental values with a good degree of accuracy. 


Effect of Air Entry Angle on Performance of a Two-Stroke Cycle Compression 
Ignition Engine. (S. L. Earle and F. J. Dutee, N.A.C.A. Tech. Note 
No. 610, August, 1937.) (48/25 U.S.A.) 

An investigation was made to determine the effect of variations in the horizontal 
and vertical air entry angles on the performance characteristics of a single- 
cylinder two-stroke cycle compression ignition test engine. Performance data 
were obtained over a wide range of engine speed, scavenging pressure, fuel 
quantity, and injection advance angle with the optimum guide vanes. Friction 
and blower power curves are included for calculating the indicated and _ net 
performances. 


The Determination of Ratings for Transport Aircraft Engines. (R. F. Gagg, 
J.S.A.E., Vol. 41, No. 3, Sept., 1937, pp. 400-4.) (48/26 U.S.A.) 

The objective in determining an engine rating is to establish the limiting 
values for the variables in operating procedure which permit a maximum of 
utility in power output and economy of fuel consistent with requirements for 
safety and durability in the class of service for which the engine is intended. 
The obvious safety requirement is that no interruptions to service shall occur 
due to engine trouble when operations are conducted in the manner established 
by the rating tests. 
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This paper consists of a discussion of testing methods to be used for the 
determination of engine ratings, and some suggestions for the adoption of a 
uniform procedure. Standardisation of engine rating procedure is thoroughly 
in accordance with the established policy of the American aircraft industry as a 
means of insuring a maximum of safety to air transport passengers. 

American aircraft and engine testing requirements are more rigorous than 
those of many other countries, and it is for this reason that American products 
have established a world-wide reputation for safety and durability. If this 
leadership is to be maintained, technical standardisation and advancement must 
be synchronised and co-ordinated so that each activity supplements the other. 


Power Plant Trends. (G. J. Mead, J].S.A.E., Vol. 41, No. 3, Sept., 1937, 
-apers in Digest, p. 29.) (48/27 U.S.A.) 

The rapid increase in the size of our air transports, as well as the requirements 
for higher cruising speeds, forewarn of the need of power plants of decidedly 
greater power. The further development of the existing standard types may be 
relied upon to ultimately provide at least 50 per cent. greater output. There is, 
however, definite evidence now of the need of engines of even greater power in 
the period immediately ahead, which need has focussed attention on other types 
in which additional displacement may be provided through the employment of a 
greater number of cylinders. 

Studies indicate that there is an opportunity of reducing the power plant drag 
sufficiently to effect a saving in fuel at least as great as is promised by further 
improvement in specific consumption. For this reason the form and _ location 
of the new power plants, as well as the method chosen for cooling them, will be 
dictated largely by the resulting effect on operating costs. It seems likely that 
two new engine types will result in which twice as many cylinders may be 
employed as is now common practice and proportionately greater power will be 
provided. 

The problems involved are decidedly more complex than hitherto have been 
encountered, but the industry is now equipped with both personnel and experience 
to deal effectively with them. For this reason, there is little question that 
power plant development will keep pace with the requirements. 


An Investigation of Mica Spark Plugs. (M. F. Peters, H. K. King and J. P. 
Boston, J.S.A.E., Vol. 41, No. 3, September, 1937, Papers in [igest, 
p- 29.) (48/28 U.S.A.) 

A simplified mathematical analysis of the heat Jow in mica spark plugs and in 
the adjacent ignition cable is given in this paper, together with curves showing 
various relationships of temperature and thermal conductivity. The related ques- 
tion of thermal expansion also is considered. Some of the more important 
electrical characteristics such as capacitance, potential gradients, corona, and 
altitude Hlash-over, are discussed. 

An experimental section gives a design for a mica plug and a description of 
experimental types with data on the more important aspects of performance. 
Methods of testing are discussed. 


The In-Line Air-Cooled Aircraft Engine. (A. T. Gregory, J.S.A.E., Vol. 41, 
No. 3, September, 1937, Papers in Digest, p. 30.) (48/29 U.S.A.) 


With engine outputs continually.going up it is worthy to note that the in-line 
air-cooled engine possesses certain inherent characteristics which make it 
particularly suitable as an aircraft engine of high output. 
Satisfactory cooling of this type of engine has been obtained at higher rated 
specific outputs than have yet been achieved in any other kind of air-cooled 
engine. 
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A type of valve gear can be used which, in addition to being suitable for high 
speed operation, permits long periods of operation without the necessity for 
checking valve clearances. 

The lubrication of this type of engine appears to be less of a problem than 
that of the slower speed radials. 

Smoothness of operation and relative quietness at high speed not only afford 
comfort to pilots and passengers, but also affect favourably the life of both 
engine and aeroplane. 

The cowling of the in-line engine is relatively simple and permits excellent 
visibility combined with the possibility of reduced drag. 

Specific weights of in-line engines compare favourably with other engines of 
equal horse-power. As specific outputs are increased the in-line engine should 
gain a weight advantage over other types. 


Altitude and Other Variables Affecting Flame Speed in the Otto Cycle Engine. 
(C. L. Bouchard, C. F. Taylor and E. S. Taylor, J.S.A.E., Vol. 41, 
No. 3, Sept., 1937, Papers in Digest, p. 30.) (48/30 U.S.A.) 

In the investigations reported in this paper flame trace photographs were 
taken on a moving film through a glass window slot in an engine’ cylinder to 
show the effects of various operating conditions on the rate of flame travel across 
the combustion chamber. The tests were made with a small L-head single- 
cylinder engine and the technique is similar to that used by Withrow and Boyd 
in flame studies reported in 1931. 

The present investigation covers a considerable range of operating conditions, 
including altitude, with and without supercharging, inlet temperature, humidity 
of the intake air, engine speed, ignition timing, and fuel-air ratio. 

In general, the results show that flame speed decreases with increasing altitude 
in an unsupercharged engine. Either supercharging or reducing the exhaust 
pressure with inlet pressure constant tends to increase flame speed. The flame 
speed decreases with increasing inlet temperature and with increasing humidity. 
Observations of the effects of revolutions per minute, fuel-air ratio, and spark 
advance confirm the results of previous investigations. 


Spark Advance Indicator. (J. R. Macgregor and K. Eldredge, J.S.A.E., 
Vol. 41, No. 3, Sept., 1937, Papers in Digest, p. 38.) (48/31 U.S.A.) 

In the study and operation of mechanisms there are many instances where 
the interval ratio of cyclic events requires evaluation. In research involving the 
use of petrol engines, such a device fulfils a long-felt want in providing a means 
for instantaneously and continuously indicating spark advance. 

The spark advance indicator has been developed for road test work and is 
designed so that connections are made readily to the engine by electrical means ; 
backlash and other errors inherent in mechanical drives are thereby eliminated. 
The spark advance, without regard to the engine speed, is indicated on a meter 
placed at any convenient location, and the indicated values are in terms of degrees 
ahead of a predetermined datum point, such as top centre. 


The Mercedes Benz DB-60O—The First German 1,000 b.h.p. Aero Engine. 
(Autom. Tech. Zeit., Vol. 40, No. 17, 10/9/37, p. 441.) (48/32 Germany.) 
This engine made its first public appearance at the International Meeting at 
Zurich this year, where it scored outstanding successes. 
Leading Characteristics.—12-cylinder inverted V_ (60°, liquid-cooled); bore, 
150 mm.; stroke, 160; comp. ratio, 6.5; fuel, 87 octane. 
The carburettor is of the pressure type (on the delivery end of supercharger) 
and consists of a twin-float chamber feeding four separate jet units (one to each 
group of three cylinders). 
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The single-stage supercharger supplies air at 1.22 atm. for ground boost 
(engine model A/B). 
The supercharger driving shaft is at right angles to the engine crankshaft and 


the plane of rotation of the impeller is then parallel to the longitudinal axis of 
the engine. 


Performance, Type A/B (Ground Boosted, 1.22 atm.) 


Fuel Oil 
gm./b.h.p. gm./b.h.p. 
Height. r.p.m. b.h.p. hour. hour. Remarks. 
oO 2,400 I ,000 235 — 5 minutes. 
fe) 253 gco 230 25° 
fe) 2,200 800 225 8 Continuous. 


Performance, Type C/D (Supercharged Height, 13,0c0ft.). 


Fuel Oil 
gm./b.h.p. gim./b,h.p, 
Height. r.p.m b.h.p’ hour. hour. Remarks. 
re) 2.4 950 I minute. 
1 3,000 ft. 2,400 240 5 minutes. 
13,C00 ft. 258 850 220 — 
13,000 ft 2,20C 800 215 8 Continuous. 


Cooling Tests of a Single-Row Radial Engine with Several N.A.C.A. Cowlings. 
(M. J. Brevoort, G. W. Stickle and H. H. Ellerbrock, N.A.C.A. Report 
No. 596, 1937-) (48/33 U.S.A.) 

The cooling of a single-row radial air-cooled engine using several cowling 
arrangements has been studied in the N.A.C.A. 20-foot wind tunnel. The results 
show the effect of the propeller and several cowling arrangements on cooling for 
various values of the indicated horse-power in the climb condition. A table giving 
comparativé performance of the various cowling arrangements is presented. The 
dependence of temperature on indicated horse-power and pressure drop across 
the baffles is shown by charts. Other charts show the limiting indicated horse- 
power against the pressure drop across the engine and the heat dissipated at 
various values of the indicated horse-power. 


Oiliness and Wear. (G. L. Neely, J.S.A.E., Vol. 4a, No. 3, Sépt., 19 
in Digest, p. 30.) (48/34 U.S.A.) 
The purpose of this paper is to call attention to the need for fundamental wear 
investigations and to show that wear does not correlate with oiliness. 
A testing machine suitable for measuring both friction and wear is described. 
The machine, which is a_ modification 
author, uses two sets of frictional surfaces 


37, Papers 


of one previously reported by the 
one in the form of a track having 
two concentric rails and the other consisting of three small buttons with recessed 
centres and flat tracks on the outer edges. An important feature of the machine 
is that the rubbing surfaces are maintained automatically at an almost uniform 
degree of surface smoothness by the lapping action produced by the combined 
rotating and sliding motion of the buttons. 


The results presented lead to the following conclusions within the thin film 
range investigated :— 
(1) Both wear and friction vary directly with load. 
(2) Total wear reaches a maximum, in some cases, at one particular speed, 
whereas wear rate (metal removed per unit of linear surface rubbed) 
decreases generally as speed is increased. 


(3) No direct relation exists between wear and friction. 


A new term ‘‘ 


coefficient of wear,”’ 


relating wear rate and load is proposed. 
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High Pressure Viscosity as an Explanation for Apparent Oiliness. (H. A. 

‘Everett, J.S.A.E., Vol. 41, No. 3, Sept., 1937, Papers in Digest, p. 30.) 

(48/35 U.S.A.) 

Oils from three different crudes, matched as to initial viscosity, but with widely 
different viscosity indexes, gave markedly different values when tested in an 
giliness machine. 

As viscosity index indicates temperature effects only, the effect of pressure 
on viscosity was investigated in a high pressure viscometer. For each oil 
viscosities at pressures up to 50,ooolb. per sq. in. were obtained for three 
different temperatures. From these data characteristic curves were plotted 
giving complete pressure, viscosity, temperature relations. Using such curves 
it was possible to trace the changes in viscosity which each oil underwent in its 
passage through the bearing and obtain an estimate for equivalent viscosity. 
When this study was made, the different so-called ‘‘ oiliness ’’ effects were shown 
to be but the normal effect of the true viscosity actually existing in the oil film. 

The paper calls attention to the need for information on the influence of pres- 
sure on viscosity as well as of temperature on viscosity when comparing or 
predicting the performance of oils in service bearings. 


A Springless Bouncing Pin Indicator. -(E. Bartholomew and C. Walcutt, 
J.S.A.E., Vol. 41, No. 3, Sept., 1937, Papers in Digest, p. 30.) (48/36 
U.S.A.) 

Carbon accumulation, atmospheric humidity. adjustment of bouncing pin 
indicator, and knock intensity are four important variables in knock testing 
which at present are not very well standardised. <A recently developed spring- 
less bouncing pin indicator appears to offer the possibility of considerably 
improved control of the last two. 

The instrument incorporates a diaphragm identical to that used in the con- 
ventional bouncing pin indicator and a modified pin proper, the lower end of 
which is separated from the diaphragm by a gap which is subject to control by 
a micrometer adjustment. The contact points are highly resistant to corrosion 
and have high magnetic permeability. One is carried on the upper end of the 
pin, about which is wound a coil of wire in series with the contact points. The 
upper contact point, of quite light weight, is free to move upward without 
restraint. The gap between the two points also is controlled by a micrometer 
screw, the two micrometer screws being the only adjustments provided. Initial 
contact of the points energises the magnetic coil and holds the points in good 
electrical contact until separation is effected by the falling of the pin. The 
motion of the pin is substantially that of a freely projected body and results in 
greater sensitivity than that given by the conventional indicator, together with 
good stability. 


Modern Trends in Motor Oils. (G. M. Maverick, J.S.A.E., Vol. 41, No. 3, 
Sept., 1937, Papers in Digest, p. 42.) (48/37 U.S.A.) 

In lubricating the compact high speed motors of to-day throughout all the 
abuse that they are obliged to take, an oil is good only if it rates high in the 
following features:—Low consumption; must allow winter starting with the 
least effort; must flow instantly on the coldest start; must not form sludge, stick 
rings, or leave excessive carbon on vaporisation; must withstand greater loads 
and higher speeds; and must not break down with the formation of products 
corrosive to bearing materials. 

During the past few vears there has been a trend toward making the higher 
grades of oils by extensively refining a selected petroleum fraction to furnish a 
clean high boiling base and then adding relatively small quantities of synthesised 
materials to impart the desired final properties. The addition agents now avail- 
able and widely used include materials for increasing viscosity and viscosity 
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index ; for reducing pour points; for giving greater oiliness; and for incr asing Bott 
resistance to oxidation and preventing bearing corrosion. 

This paper points out some of the advantages and dangers in the use of such 
addition agents, with conclusions backed by test results on some of these Ti 
materials. 20° 

cons 
The American Picture—Diesel Fuel Research. (C. G. A. Rosen, 925: Ace ther 
Vol. 41, No. 3, Sept., 1937, pp. 393-9.) (48/38 U.S.A.) we 

Primarily intended as a discussion and amplification of the paper of Messrs, i al 
Boerlage and Broeze, presented at the April, 1936, meeting of the American com 
Chemical Society,* this paper is limited to the pre-combustion chamber tvpe of 
Diesel engine burning California base fuels. 

The paper describes investigations of ignition quality, fuel spray characteristics, Che 
and injection phenomena by means of a single-cylinder test unit fitted with a 
basrcie observation window, stroboscope, timing disc and phase changing device, 

\ discussion of the products of incomplete combustion as influenced by com- 
pounded lubricants and ring belt temperatures concludes the paper. the 
in 

Special Fuel for Internal Combustion Engines. (U.S. Patent 2,087,616, 2otk sta 
July, 1937.) (M. Mueller-Cunradi and M. Otto to I.G. Farbenindustrie are 
A-G., Chem Absts., Vol. 31, No. 17, 10/9/37, p. 6445.) (48/39 U.S.A.) als 

For avoiding risks of the fuel supply catching fire in operating an internal Pb 
combustion engine, there is used as a fuel source a polymerisable combustible _ 
hydrocarbon material containing C and H only and bound in the form of « non- 
explosive polymer having a mean molecular weight above 4oo and capable of Th 
being depolymerised on heating, such as isobutylene or hydrorubber polymers, 
and on its way to the engine the material is fed through a heated passage to 
effect its depolymerisation. to 

Apparatus is described. all 

re 
The Problem of Bearing Friction. (G. Vogelpohl, V.D.I.-Forschungshe/t, No. of 
386, Sept.-Oct., 1937, pp. 1-28.) (48/40 Germany.) or 

The hydrodynamic equations of the lubricating film contain the following Sp 

quantities (which define the lubricant) as a function of the film temperature : fa 
1. Viscosity. ses 
2. Density. | 
3. Specific heat. 
4. Thermal conductivity. T 

The pressure distribution for a given clearance is such that the friction losses 
are a minimum. Using this fundamental principle, the author obtains new 
solutions for the bearing of finite width by the method of variation. Thi type ‘ 

of flow in the film is illustrated by means of model experiments and a theoretical t 
investigation of the temperature distribution in the two-dimensional case is t 
carried out. It appears that for the same geometrical form of the film, the load f 
capacity of the bearing is greater for oils with a flat viscosity/temperature curve. t 
The author proposes a new coefficient for estimating lubricating value of an 
oil. This coefficient is defined as 8/yc where t 
8=gradient of viscosity/temperature curve. ( 
y= density of oil. 
c=specific heat of oil. 
It appears that many phenomena associated with so-called ‘‘ boundary ”’ or | 
‘“ mixed ’’ lubrication can be accounted for by heat generated in the metal 
surfaces directly as opposed to heat generated in the oil film as is the case in true 
fluid friction. 
*See Ind. & E: ng. Chem., Oct., 1936, pp. 1229-34. ‘ Combustion Qualities of of Diesel Fuel,” 
by G. D. “Boerlage and J. J. Broeze. 
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Bottling of Town’s Gas for Use as Motor Fuel. (H. Wanser, Z. Rompr. Fluss 
Gase, 1936, 32, 61-63. J. Soc. Chem. Ind. (Abstracts B), Vol. 56, 
Sept., 1937, p- 863.) (48/41 Germany.) 

The compressibility coefficient (C) of Berlin town gas has been calculated at 
20° over the range 50-350 atm. from compressibility data available for the gas 
constituents. C decreases with the pressure up to 85 atm., but steadily increases 
thereafter. Up to 206 atm. C is <1; at 350 atm. C=1.119. Since a gas flask 
of 1 cu. m. Capacity contains 89.5, 206 and 313.5 cu. m. of gas (referred to 
; atm., 20°) at 85, 206 and 350 atm., respectively, no advantage is gained by 
compressing above 350 atm. 


Changes in Lubricating Oil with Use. (H. Suida, Oel u. Kohle, 1937, 13, 
* 201-206 and 225-32. J. Soc. Chem. Ind. (Abstracts B), Vol. 56, Sept., 
1937, Pp. 870.) (48/42 Germany.) 

The ageing tendency of different oils can be followed only by determining all 
the decomposition products; a method by which this was effected for oils for use 
in a high pressure blower (using an auto-clave) is described. Oils of poor 
stability have a detrimental effect on the stability of stable oils with which they 
are mixed. The compounding of mineral oils with small amounts of fatty oils 
also very much decreases their stability to oxidation, and the incorporation of 
Pb soaps is preferred for heavy duty lubricants. Highly refined oils of high H 
content are the most stable. Distillates are superior to residuals of the same 1. 


The Measurement of Air Speed in Flight. (F. L. Thompson, J. Aer. Sci., 
Vol. 4, No. 10, August, 1937, pp. 423-6.) (48/43 U.S.A.) 

The measurement of air speed of aeroplanes by means of instruments attached 
to them is often very inaccurate. The sources of error are numerous and not 
all of them are easily avoided. It is the purpose of this paper to discuss the 
results of experience gained in numerous flight tests conducted at the laboratory 
of the N.A.C.A. at Langley Field. Two aspects of the problem are considered, 
one being the measurement of air speed with a high degree of precision using 
special test equipment, and the other being the measurement of air speed with 
fair precision for normal flying. The latter aspect of the problem includes con- 
sideration of the provision of a satisfactory reference pressure for the altimeter. 
The use of a pitot static head is assumed throughout. 


Time Lag in a Control System. (D. R. Hartree and A. Porter, Proc. Roy. Soc., 
Series A, Vol. 161, No. 907, pp. 460-76.) (48/44 Great Britain.) 

Previous work on the effect of a time lag on the operation of a control system 
is extended to a more general law relating the behaviour of the quantity con- 
trolled and the consequent operation of the control system. As before, the 
behaviour of the quantity controlled can be expressed in terms of the super- 
position of a set of damped harmonic ‘* normal modes.’’ Ranges of values of 
the control parameters which promise to give good control can be selected by 
inspection of contour diagrams giving the damping and frequency of one or 
two normal modes of lower frequency, and a closer examination of the behaviour 
of the control system with any set of parameters can then be made by the 
solution of the control equations on the differential analyser. A large number 
of such solutions has been carried out and an optimum set of control parameters 
is stated. 

The modified control law appears to have some advantage over that previously 
investigated, from the points of view both of the kind of control obtainable and 
of the design and operation of the control gear. 

A method of obtaining in practice a control law of the form studied is briefly 
indicated. 
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The Design of Piezo Electric Indicators. (S. Meurer, Forschung, Vol. 8, \o. 5, 
Sept.-Oct., 1937, pp. 249-60.) (48/45 Germany.) 

For investigations on high speed internal combustion engines, a grea‘ deal 
depends upon the precision of pressure measurement if it is to be used as the 
basis for thermodynamical calculations. There are essentia!ly three parts ‘o the 
apparatus :—The crystal, the amplifier, and recorder. To obtain good results 
a high standard of precision is required in each of these component parts. The 
article deals, in particular, with the requirements of the crystal in order to avoid 
faults which may easily occur. 


The Elastic Stability of a Long and Slightly Bent Rectangular Plate under 
Uniform Shear. (D. M. A. Leggett, Proc. Roy. Soc., Series A, Vol. 162, 
No. 908, 1/9/37, pp. 62-82.) (48/46 Great Britain.) 

A long plate, slightly curved, is subjected to a shearing force applied uniformly 
along its two straight edges. A theoretical investigation is carried out to ascer- 
tain the value of the shearing force at which buckling of the plate may be 
expected to take place. 

Two cases are investigated, in one of which the two straight edges are simply 
supported, and in the other of which they are clamped. The results of the 
investigation, giving the critical shearing force in terms of the dimensions of 
the plate in each of the two cases considered, are shown graphically. 


The Use of Rubber in Vibration Isolation. (E. H. Hull, J. App. Mech., Vol. 4, 
No. 3, Sept., 1937, pp- A 1og-114.) (48/47 U.S.A.) 

The desirable properties of an elastic material applicable to many types of 
vibration isolation problems are outlined. Of those materials at present available, 
rubber anpears most suitable for this type of work. The general elastic pro- 
perties of rubber are discussed and data given for determining the stiffness of 
pads made from one particular compound. Equations are developed for the six 
natural frequencies and associated modes of vibration of a mass supported on 
elastic pads and examples of vibration isolation worked out using this theory. 


The Load Deflection Characteristics of Initially Curved Flexural Springs. 
(W. E. Johnson, J. App. Mech., Vol. 4, No. 3, Sept., 1937, pp. A 11¢- 
127.) (48/48 U.S.A.) 

The problem considered in this paper is that of determining the relation between 
the load and the deflection of a curved flexural member which is permitted to 
take large deflections, so that its action may be considered to be that of a spring. 
Four primary types of springs are considered, in each of which the line of action 
of the load is either perpendicular or parallel to the tangent to the neutral axis 
at the point of clamping. In addition to these, the equations for the initial 
curve of a piston ring with a large gap are given. 

The results of the four primary types may be used for any spring which is a 
combination of several springs of one type, and also for combinations of different 
types. Thus a spring consisting of any portion of a circular arc may be analysed. 
Also the relations of load, deflection, and stress may be obtained for a spring 
consisting of several convolutions (corrugated), and subjected to either a com- 
pressive or extending force. 


Torsion of Rectangular Tubes. (W. Hovgaard, J. App. Mech., Vol. 4, No. 3, 
Sept., 1937, pp. A 131-5.) (48/49 U.S.A.) 

This paper is a report on experiments with the torsion of rectangular mild steel 
tubes undertaken to test the correctness of the now generally accepted theory 
of R. Bredt, based on a hydrodynamical analogy. The angles of torsion were 
determined, and the strains were measured with Huggenberger tensometers. 
While most of the strains were measured on the external surface of the tubes, 
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internal strains were measured in one tube. The observed angles of torsion were 
found to be in fair agreement with theory, but the shearing stresses on the 
external surface were much higher and those on the internal surface much lower 
than the theoretical stresses. Breakdown of the tubes occurred while the 
theoretical shearing stress was still far below the yield point in shearing of the 
material. It appears that the theory does not give a true picture of the stress 
distribution after plastic flow has occurred at the re-entrant corners, and as this 
may happen very early, dependent on the radius of the fillets, the theory may 
in some cases lead to a dangerous over-estimate of the strength of such tubes. 


Miniature Ball Bearings. (Nature, Vol. 140, No. 3543, 25/9/37, PP- 539-40-) 
18/50 Great Britain.) 

The new bearings vary in size from 1 to 22 mm. overall diameter. They are 
thus suited for small motors, recorder clocks and other scientific instruments in 
which friction must be eliminated as far as possible. Comparative tests on 
these bearings and the jewelled bearings they are intended to replace show 
advantages under three different modes of operation :— 

i. The time to damp down a rotary motion was eight times as long (plain 
pivots) and twenty times as long (tapered pivots). 

2. For oscillatory motion the corresponding figures are 4 and 15. 

3. In deviation tests the results were also favourable. 

Contributions to the Theory of Incomplete Tension Bay. (E. Schapitz, L.F.F., 
Vol. 14, No. 3, 20/3/37, pp. 129-136. Translation in N.A.C.A. Tech. 
Memo. No. 831, July, 1937.) (48/51 Germany.) 

In a metal panel stressed simultaneously in shear and compression, the stress 
distribution immediately after buckling is still non-uniform and the second 
principal stress is not as yet negligible. This condition designated as ‘* incom- 
plete tension bay ’’ is described by the present theory for the general case of 
combined stresses and elastically flexible stiffeners. The behaviour of the buckled 
plate is marked by two factors, one of which characterises the distribution of 
stress, the other the geometrical deformation which occurs with curved metal 
panels. The variation of the factors with the stresses and deformations must be 
obtained by experiments. The present report offers an approximate theory for 
the stress and deformation condition after buckling of the skin in reinforced panels 
and shells loaded in simple shear and compression and under combined stresses. 
The theory presents a unified scheme for stresses of these types; it is based upon 
the concept of non-uniform stress distribution in the metal panel and its marked 
power of resistance against compressive stresses (‘* incomplete ’’ tension bay). 


The Apparent Width of the Plate in Compression. (K. Marguerre, L.F.F., 
Vol. 14, No. 3, 20/3/37, pp. 121-8. Translation in N.A.C.A. Tech. Memo. 
No. 833, July, 1937.) (48/52 Germany.) 

The present extension of the customary stability investigation to include the 
super-critical range proceeds in two steps. The first step considers the buckling 
form =f cos x/l cos zy/b known from elementary theory, preserves the higher 
terms in f and yields, with the aid of the principle of virtual displacements, a 
relation which gives the decrease of the apparent strain stiffness at the instant 
of buckling (analytically expressed ‘‘ the tangent to the new stress-strain curve 
above the critical load ’’). 

The second step evolves on the basis of a formula containing several arbitrary 
values, from which the probably produced buckling form, with a greatly exceeded 
critical point, can be computed and which affords a stress strain curve which 
reproduces with sufficient agreement the actual conditions existing in a certain 
range. The apparent width is conveniently calculated within the cited range 
with the aid of formula which approximately comprise the result of the theory. 
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The Stability of Orthotropic Elliptic Cylinders in Pure Bending. (O. S. Heck 


L.F.F., Vol. 14, No. 3, 20/3/37, pp. 137-147. Translation in N..A.C.4| 


Tech. Memo. No. 834, July, 1937.) (48/53 Germany.) 
. The theoretical critical bending stress of elliptic cylindrical shells is deter. 
mined on the assumption of infinite shell length and absence of local inst tDility 
phenomena. The results of tests on isotropic elliptic cylindrical shells stressej 
in bending are compared with the theoretical results. The practical applicability 
of the theory is discussed. 


How to Analyse the Contact Tooth Flanks of General Screw Gearings. ie € 2 
Altman, Forschung, Vol. 8, No. 5, Sept.-Oct., 1937, pp. 209-25.) (48 54 
Germany.) 

Up to now there is no method to analyse the contact of tooth flanks of screy 
gears, the wheels of which have no possibility of rolling upon each other, jin 
contrast to worm gears. It is, however, impossible to determine the exact 
working conditions of these screw gears, or to develop them in the right way 
without having determined their conditions of contact and the formation of the 
lubricating film. The paper deals with this matter and shows how to determine 
details of the conditions of contact in a way suitable for the engineer. 


The Magneto Elastic Properties of Steel and Their Application to Stress and 
Vibration Measurements. (S. Wintergeist, Forschung, Vol. 8, No. 5, 
Sept.-Oct., 1937, pp. 238-48.) (48/55 Germany.) 

Stresses in parts of machines and structures are mostly determined by 
measuring the elongations. The apparatus for these purposes is not always 
applicable if the space is limited or if inertia prevents exact analyses of prevailing 
dynamic conditions. 

The subject of the paper is the change of magnetic properties under stress, the 
so-called magneto elastic behaviour, and how this may be used for measurements 
of stresses. 


Gas Flasks of Light Metals. (N. Christmann, Warme, 1936, 60, 236-7. J. Soc. 
Chem. Ind. (Abstracts B), Vol. 56, Sept., 1937, p. 863.) (48/56 Germany.) 
Experience has shown that the internal and external varnish coatings for 
flasks made of lautal, bondur and duralumin should be applied after the official 
hydraulic pressure tests. The neck of the flask where the pressure-reducing 
valve is screwed in should be reinforced by shrinking on a steel collar. 


Icing Measurements on Mount Washington. (S. Pagliuca, J. Aer. Sci., Vol. 4 
No. 10, August, 1937, pp. 399-402.) (48/57 U.S.A.) 

This paper discusses experimental methods used on Mount Washington for 
the measurement of rime deposition and their possible application to the study 
of icing on aircraft. Investigations of rime deposition on Mount Washington 
were started last year for the purpose of classifying the phenomena. !t soon 
became apparent that conditions were favourable for carrying out tests o! icing 
of aircraft under natural conditions. 

Rime forming fogs are very frequent. The average wind velocity is 40 m.p.h., 
with prolonged spells at 100 m.p.h. The lowest temperature observed was 
—47°F. Preliminary experiments were carried out on a section of a metal wing 
installed 5 m. above the ground. ‘The model was free to adjust itself to the wind 
so that the leading edge was generally normal to and pointing into the wind. 
ae the tests, the average temperature was —12°C., the specific humidity 

7 gm./kg. and the average wind velocity 70 m.p.h. Under these conditions, 
ee average rate of rime deposit varied between 0.3 and 2.5 gm./hour. 
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The experiments are insufficient to draw any definite conclusion as to the pro- 
portion of hard and soft rime, but it is thought that the method will be able to 
yield useful information on the icing problem of aircraft. 


Effect of Turbulence on the Propagation of Sound. (H. Dahl and O. Devik, 
Nature, Vol. 139, No. 3517, pp. 550-1.) (48/58 Sweden.) 

Sound intensity distribution measurements were carried out with sound 
emitters used for fog signalling purposes (frequency 300/sec.). Although the 
wind was very slight, the curves of equal sound intensity showed considerable 
distortion, and the intensity at a given place varied by as much as 5 to 10 phons 
over a period of three seconds, in spite of the fact that the emitter was very 
steady. 

The authors account for the phenomena by atmospheric turbulence, those 
turbulent ‘‘ units ’? which have dimensions comparable with the wave length of 
the sound causing’ marked absorption. 

It is suggested that by an analysis of the sound spectrum, data can be obtained 
both as to the amount of turbulence and the size of the ‘* units.’’ 


A Photo-Electric Smoke Penetrometer. (A. S. G. Hill, J. Sci. Inst., Vol. 14, 
No. 9, Sept., 1937, p. 296.) (48/59 Great Britain.) 

The requirements of a method for determining rapidly the efficiency of filters 

which are used for the removal of particulate matter from gases are briefly 


discussed. A photo-electric photometric method for estimating the efficiency of 
filtering devices in terms of the percentage penetration of a standard testing cloud 
of carbon particles at a given rate of flow is described. Details are given 


concerning the apparatus and the manner in which it is operated. 


The Sonic Altimeter for Aircraft. (N.A.C.A. Tech. Note No. 611, August, 1937.) 
(48/60 U.S.A.) 

The general object of this report is to discuss the results already achieved 
with sonic altimeters in the light of the theoretical possibilities of such instru- 
ments. All the current instruments are described. 

It appears that an altitude range from 1o to 800 feet can be covered satis- 
factorily by an installation weighing approximately 6olb. These limits naturally 
depend on the intensity of the emitter, the noise level in the aircraft and the 
reflective power of the ground. 

The table given below gives the estimated maximum altitude obtainable in an 
aeroplane at cruising speed under the best and worst atmospheric and ground 


conditions :— 


Maximum Altitude. Power of Emitter 
Best Conditions. Worst Conditions. (watts). 
500 175 10 
650 225 25 
780 265 50 
935 300 100 
1,025 330 150 
1,300 500 


From this it appears that the economic limiting height for instruments of this 
. 5 5 
type is approximately 1,000 feet (100 watt emitter). Seventy-five references. 


Notes on Some Practical Comparison Tests Made Between Several Acoustic 
Veasurement Methods. (E. T. Dickey, Proc. Inst. Rad. Eng., Vol. 25, 

No. 9, Sept., 1937, pp. 1136-52.) (48/61 U.S.A.) 
In considering the various methods used in making over-all acoustic measure- 
ments on radio receivers, from the standpoint of possible standardisation, it was 
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felt desirable to make a comparison of the results obtainable by the several 
principal methods now in use in the U.S.A. Accordingly a radio receiver was 
shipped successively to five different laboratories equipped to make such measure. 
nents. It was checked between each shipment by a sixth laboratory to cuard 
against changes caused by the shipments. 

The test equipment set up and method used by each of the co-operation labora. 
tories is described. The results obtained are discussed briefly and typical curves 
made by each laboratory are shown. 

"he author has refrained from drawing any arbitrary conclusions regarding 
the relative accuracy or effectiveness of the various test methods employed by 
the co-operating laboratories. Instead, the comments, which the engineers of 
each laboratory cared to make on the curves obtained and the methods used, 
have been given. The reader is thus provided with data and a valuable series 
of comments from some of the most expert engineers in this field, from which 
he may arrive at his own conclusions. 

In general it is felt that the curves show a greater degree of similarity than 
might have been expected considering the rather fundamental differences in the 
test methods used, and that certain possibilities in the direction of useful 
standardisation in this field have been indicated. 


Electrical Character of the Spark Discharge of Automotive Ignition Systems. 
(M. F. Peters, G. F. Blackburn and P. J. Hannen, J.S.A.E., Vol. 41, 
No. 3, Sept., 1937, papers in Digest, p. 29.) (48/62 U.S.A.) 

Methods are given for measuring current and voltage during spark discharge 
in automotive ignition systems. Equations are developed which show the relation 
between voltage and current, and other equations are presented by means of 
which such quantities as frequency of the oscillations, decrement, resistance, and 
energy may be deduced from measurements made on an oscillogram. 

The methods developed are applied to a typical ignition circuit. In the circuits 
used currents as high as 80 amp. at a frequency of about six megacycles were 
measured. The possibility of the occurrence of phenomena other than those 
recorded by the oscillograph is discussed briefly. 


Radio Shielding. (H. E. Gray, J.S.A.E., Vol. 41, No. 3, Sept., 1937, papers 
in Digest, p. 29.) (48/63 U.S.A.) 

The general discussion presented in this paper includes shielded ignition 
systems, covering both high tension and low tension sides of the magneto, 
generators and generator control boxes, radio power units, motors for general 
service, and a résumé of aeroplane shielding and bonding practices. 


On the Nature of Atmospherics. (R. A. Watson Watt, J. F. Herd and F. E. 
Lutkin, Proc. Roy. Soc., Series A, Vol. 162, No. gog9, 15/9/37, pp. 27-85.) 
(48/64 Great Britain.) 

The results of eye-and-hand delineations of atmospheric wave forms observed 
in the Red Sea and Indian Ocean, Egypt, the \nglo-Egypttan Sudan and in 
‘* control ’’ observations in south-east England are presented in tabular form. 

Photographic recording of wave form and of apparent direction of arrival at the 
two ends of a 560 km. base line reveals the details of the dispersive process by 
which the higher frequency components, travelling with a higher group velocity 
and subject to heavier attenuation than the lower frequency components, form, 
at distances over some 500 km., a discreet oscillatory component preceding and 
completely detached from a slow form of the type delineated by the eyve-and-hand 
method. The principal characteristics of the resulting dual wave form are plotted 
against distance over ranges up to 4,000 km. 
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The Physical Reality of Space and Surface Waves in the Radiation Field of Radio 
Antenne. (K. A. Norton, Proc. Inst. Rad. Eng., Vol. 25, No. 9, Sept., 
1937, Pp. 1192-1202.) (48/65 U.S.A.) 

Evidence is presented which indicates that, notwithstanding the change in sign 
made by Sommerfeld in his 1926 paper on radio wave propagation, the radiation 
field of a vertical electric dipole may be separated into space and surface wave 
components. Sommerfeld’s original concepts as to the characteristics of two 
such waves in radio transmission are largely substantiated. It is shown that a 
space and a surface wave are generated by a simple vertical dipole antenna at the 
surface of the earth and that this surface wave has the same wave tilt as the 
Sommerfeld surface wave. Evidence is given which would indicate that this 
surface wave travels around the curve of the earth in much the same manner as 
a guided wire wave travels around a bend on a wire. In the appendix formulae 
are given for the space and surface waves in the radiation fields of a horizontal 
electric dipole and of horizontal and vertical magnetic dipoles. 


The Propagation of Radio Waves Over the Surface of the Earth and in the Upper 
Atmosphere. (K. A. Norton, Proc. Inst. Rad. Eng., Vol. 25, No. 9, Sept., 
1937, Pp. 1203-36.) (48/66 U.S.A.) 

Complete general formulas are given for computing at any point above a 
plane earth of finite conductivity the vector electric field for a source which may 
be a combination of vertical and horizontal electric dipoles or a loop antenna 
with its axis parallel or perpendicular to the earth. As illustrations of the above 
general methods, formule are derived for the ground wave radiation from (1) a 
grounded vertical antenna carrying a_ sinusoidal current distribution and 
(2) elevated vertical and horizontal half wave antenne. The ‘‘ effective height ”’ 
of the grounded vertical antenna is determined as a function of the ground 
constants, and this formula is then used to determine the effect of the ground 
constants on the ground wave field intensity in the neighbourhood of a quarter 
wave antenna. The formule are also used to show the influence of antenna 
height on the attenuation of high. and ultra-high frequencies. The forward tilt, 
ie., H,/E,, which occurs for the electric vector lying in the vertical plane passing 
through the antenna, is also easily computed from the formule given and is 
shown graphically. An expression for the Poynting vector is derived, and it is 
shown that a part of the energy in the wave near the ground flows downward into 
the ground. 
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REVIEWS. 
MAGNESIUM AND ITS ALLoys. 
J. L. Haughton and W. E. Prytherch. H.M.S.O., 1937. 2/6 net. 

The use of magnesium in alloy form for aircraft and aero engine construction 
increases in importance every year. This volume summarises the research which 
has been carried out at the National Physical Laboratory and elsewhere and 
should prove invaluable to the aeronautical engineer. Chapter I gives an account 
of the sources, production and properties of the metal. It is the one metal of which 
nearly every country has abundant supplies. Chapter II deals with melting and 
casting, special methods having to be used on account of the ease with which 
magnesium and its alloys combine with oxygen when molten. Chapter III covers 
the plastic deformation of magnesium alloys. Chapter IV the roiling, forging, 
extrusion and heat treatment of magnesium alloys ; and Chapter V the mechanical 
properties of magnesium alloys at zero temperature. ‘This chapter contains a 
number of very useful tables on the mechanical properties of various magnesium 
alloys. It is naturally followed by a chapter on the mechanical properties of 
magnesium alloys at high temperatures. The final chapter in the book gives the 
constitution of alloys of magnesium. 

‘* Magnesium and its Alloys ’’ is an excellent summary of the present state of 
knowledge. It contains a very large number of useful diagrams and tables and 
covers the properties of over 45 different alloys, summarised from many sources. 
It is a book which should be in the hands of all concerned with the use of 
magnesium alloys in any form. 


SEAPLANES. 


By Daniel J. Brimm, Jr., B.A., M.A. Published by Sir Isaac Pitman & 
Sons, Ltd. Price 10s. 6d. 

This book deals with the manceuvring, maintaining and operation of seaplanes, 
and the author is seaplane test pilot to the Ireland Aircraft Inc. of the United 
States of America. 

It is quite obvious that not only does he know his job very well, but that he is 
able to explain himself on paper. The result is a book which should be read. 
It is written entirely for the operator, and is full of information on the peculiar 
ways of seaplanes and on methods of manceuvring on the water. Little is said 
about ordinary flying, for in this the seaplane does not differ from the norma! land 
machine and can be handled easily in the air by any competent pilot. But it is in 
taxying on the water, taking off and alighting that the seaplane pilot will find 
difficulty. 

Mr. Brimm tells the pilot what to do on the water, and it is because he has 
done this well that the book is valuable. Naturally it is not to be expected that 
a pilot could handle a seaplane in the manner described without practice, but it is 
important to be told what can be done, with a description of how to do it. 

It is, perhaps, rather surprising that the privately owned s saplane has made so 
little progress in this country. It has advantages that the ordinary aeroplane 
does not possess and few things could be more pleasant than touring round the 
English coast in a seaplane where every harbour or bay is a possible landing 
place. It is to be hoped that this book will lead to interest being taken in the 
seaplane as an instrument of sport, and that it will encourage pilots and others 
to master the peculiarities of this most fascinating form of aircraft. 
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LZ129 HInDENBURG. 
Dr.-Ing. W. Von Langsdorff. H. Bechhold, Frankfurt A.M. Price 2 RM. 

The introductory chapter reviews the requirements demanded of a passenger 
vesse!, leads to consideration of structural demands and their satisfaction, followed 
by details of the aerodynamic control, mechanical handling devices, etc. The 
later chapters are devoted largely to popular equipment, such as passenger accom- 
modation, wireless equipment, etc., concluding with a description of erecting 
procedure and the technique of the harbour and landing ground. 

Comparison is drawn between the characteristics of heavier-than-air and lighter- 
than-air craft, with an appreciation of the factors which influenced the development 
of the Graf Zeppelin and the Hindenburg for the two Atlantic routes. 

Technical detail of a specialised nature is almost completely absent, but the 
excellent illustrations throughout the volume alone justify the publication, even 
from the point of view of a specialist reader, and provide much of interest, even 
though the printed matter is not available in translation. 

Technical information is somewhat scattered, but a comparison of silhouettes 
of typical ships from LZ1 to LZ12G gives a clear view of form development 
since the early days. 

For those who have travelled in or examined the ship, the record is a useful 
souvenir, and many queries which arise in retrospect may be answered from the 
illustrations. The photography brings out prominently many of the problems of 
assembly and construction which arise when dealing with a structure of such 
dimensions. 

The material reveals the designers’ realisation of the essentially practical 
demands of a passenger, and the thoroughness behind the conception and design 
of the vessel. 

The impression of stability and strength given by the passenger staircase ; the 
cabins with hot and cold water supply; the lounge complete with piano (itself 
an achievement in combining light metal construction with musical performance) ; 
the large dining-room; the convenient smoke room and bar, show how well the 
demands of first class travel have been met and must inevitably result in the 
prospective passenger coming to the conclusion that he is here dealing with a 
means of conveyance not far removed from that which experience has taught him 
is thoroughly reliable. Thus, while loading and aerodynamic factors have been 
given due thought, traffic receipts have been borne well in mind. 

Such factors must inevitably contribute to a high load factor and, in the end, 
greatly influence the economic yield on the trafhe. 

It is the irony of fate that in commenting upon the untimely end of earlier 
vessels, stress is laid upon the remote chance of static discharge, or the lack of 
helium, providing sources of any serious risk to the vessel. 

It is to be regretted that in an otherwise excellent publication one looks in vain 
for any mention of that inspired leader of Zeppelin development and exploitation, 
Dr. Hugo Eckener, who has probably contributed more than any other individual 
to the present level of attainment, and whose name should, fittingly, be mentioned. 


THE MreCHANICS OF TURBULENT FLOW. 
By Professor Boris A, Bakhmetefl. Princeton University Press. Price 16s. 
This book is a reprint of a series of lectures by Professor Bakhmetef? at Princeton 
University, with the object of explaining recent theories on the turbulent motions 
of fluids, and it deals solely with flow through pipes in order that the theories may 
be illustrated by the simplest case. The mathematical means used are simple, 
and the author has omitted many details, particularly when these require higher 
mathematics. 
It is not clear that this book will fulfil any very useful function in this country ; 
its outlook is limited, and although it gives a very lucid description of the particular 
field with which it deals many educationists will consider that the mathematical 
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simplification is a mistake. It is better to see that the student has a sufticient 
mathematical backing before teaching him a subject such as this, so that details 
requiring a knowledge of higher mathematics need not be left out. Another 
objection to the book is its price, which is approximately twice that at which a 
similar work could be sold for here. 


PERFORMANCE. 
By Capt. R. N. Liptrol, O.B.E., B.A. Published by Sir Isaac Pitman & 
Sons, Ltd. Price 6s. 

This book is the performance section of the well-known Handbook of 
Aeronautics. It has been published separately for the convenience of those who 
do not wish to purchase the complete work, and it is understood that this procedure 
is being carried out with the other sections into which the Handbook is divided. 

The work is on the same lines as formerly, but it has been brought up to date, 
for instance, the aerodynamical coefficients are now given in terms of $p!? in 
accordance with recent practice, and there is now a section dealing with the per- 
formance of helicopters, a type of machine which may be of great interest in the 
future. No errors have been noticed in looking through it, except an omission of 
decimal points on the diagram on page 123, which error is not likely to mislead 
anyone. The forms which are given for examples of body resistance seem to refer 
largely to obsolete aircraft, in fact, one or two of them may be pre-war, and it is 
suggested that when the book is reprinted these should be replaced with modern 
body shapes. 

Generally, the book is excellent, it contains invaluable information presented in 
a very accessible and convenient manner; there is also a good bibliography. 


THE RoyaL AiR Force. 
By Air Vice-Marshal E. L. Gossage, C.B., C.V.O., D.S.O., M.C. National 
Detence Series, W. Hodge & Co., Ltd., 1937. 2s. 6d. net. 

This is the first of a series of books designed to explain the working, scope and 
limitations of the various branches of our national defence. It is significant that 
the publishers have chosen the air as the subject of the first book in the series, 
and that its author should be such an authority as Air Vice-Marshal Gossage, 
who is in command of the fighter squadrons for home defence. 

More rubbish has been written by those who definitely do not know, and those 
who definitely think they do know, on the subject of air warfare than on most 
subjects during the past few years. Some sound commonsense is emerging slowly 
out of the welter of writings, and though Air Vice-Marshal Gossage is cautious he 
does err towards the side of commonsense. Much of his book, which is a tually 
the Royal \ir Force lectures organised by the Board of Military Studies of the 
University of London, deals with the actual organisation, as it exists, of air power 
in conjunction with naval and military operations and in coast defence ; air power in 
Imperial defence overseas ; and home defence. It gives the reader an excellent and 
clearly written outline of the methods of offence and defence which are peculiar 
to the air, the difficulties and the dangers. 

He very rightly begins with the date July 7th, 1917. ** On the 7th July, 1917,’ 
he writes, ‘‘ twenty-two German aircraft raided London in’ broad daylight, 
serenely, insolently, and practically with complete impunity.’’ That was the real 
beginning of enlightenment in this or any other country of the possibilities and 
probabilities of the future. Recent events in Spain and China confirm what will 
most surely be the policy of certain nations if they get anything like command 
of the air, for even a very brief period. There is little doubt, from the reviewer's 
point of view at any rate, that this country is well behind other air-minded countries 
in the development of the necessary organisation of passive defence measures, 
gas masks, underground shelters, and general air raid precaution measures which, 
if properly carried out on the grand scale they should be, will yo a long way 


tow 


por 
effe 
det 
lig! 
ma 


als 
cit 


an 


in 

pr 
h 
it 

F 

I 

( 


REVIEWS. 1089 


jowards lessening the effectiveness of any bombing attack on the so-called civil 
population. Air Vice-Marshal Gossage writes, with reference to minimising the 
effects of raids and preventing panic among the civil population :— 

‘‘ The solution of this task lies in what has come to be known as ‘ passive 
defence,’ which embodies measures such as salvage, fire-fighting, control of 
lighting, provision of bomb-proof shelters, arrangements for the issue of gas 
masks, and for the decontamination of gas areas. A comprehensive scheme has 
also been prepared for the evacuation of London and possibly of other great 
cities as well.’’ 

All very comforting, and one supposes all very secret, until the bombing starts 
and the panic begins, for this is certain, that the average man, woman and child 
in London, and possibly other great cities as well, have as much knowledge at 
present of what to do as they have of the quantum theory. 

One hopes this book will have a wide circulation, for it is not written in the 
headlines of those papers whose circulation it can never hope to attain, but in 
sober language which may come as an antidote to the ‘‘ sensations *’ of the age 
in which we are now living. 


FRIEDRICH MUENZINGER: LEICHTE DAMPFANTRIEBE (LIGHT STEAM POWER 
PLANTS). 
112 pages with 202 figures and 20 tables. Published at Berlin 1937 by 
Verlag Julius Springer. Price RM.20, 

Steam power plants for the use of aeroplanes and airships have recently come 
back into the limelight. One should think that a treatise dealing with this kind 
of somewhat prospective aeronautical power plant would be of special interest. 
In this respect this book is disappointing for any reader interested in aeronautical 
engineering. The book is nothing else than a second revised edition of a paper 
discussing the prospects of forced flow steam boilers, and does certainly not 
come up to the expectations the promising title may awake. Most of the book 
is devoted to prove how economic steam power plants are in comparison to 
internal combustion engines with regard to the self-sufhiciency at which Germany 
aims. 

The author seems to consider the boiler as the most serious problem for an 
aeronautical adaptation of steam engines (p. 10). We are inclined to disagree in 
view of the much more serious problem the condensation will present. Except 
the Huettner steam turbine characterised by its rotating boiler directly connected 
to the turbine, and a 2,300 h.p. project of Great Lakes Aircraft Corporation, 
only the go h.p. Besler turbine is mentioned, the only one hitherto tested in flight 
(apart from the pioneer work done by Stringfellow, Ader and Maxim). Steam 
plants using mercury and water are not considered too advantageous. Generally, 
the author expects a specific weight of the empty power plant (excluding airscrews, 
etc.) of 2.65-2.9lb./h.p. for a 1,000 h.p. plant and a specific weight of only about 
2.2lb./h.p. for plants of several thousand h.p. as obtainable. He foretells a fuel 
consumption of no more than 118 per cent. of the minimum consumption obtained 
in compression ignition engines (0.375lb./h.p./hr.) for long distance flights and pre- 
dicts a consumption of 0.62-0.73Ib./h.p./hr. for shorter flights. The work done 
by R. Wagner with regard to the development of aeronautical steam power plants 
is not mentioned. 


Dr. H. Ortovius ann R. Scnvutz: Dire Devrscnk Lurrranrt Jaursucn 1937 

(YEARBOOK 1937 OF GERMAN AVIATION). 

320 pages with 24 photographic tables. Published by Verlag Fritz Knapp 
Frankfurt a.M. Price RM.5.80. 


A handbook reporting the work done in German aeronautics during 1936. The 


organisation, exercises and manceuvres of the military aviation, the new legislation 
regulating civil aviation, the activities of Deutsche Lufthansa and related German 
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enterprises, the sporting events of the official association accomplished with aero. 
planes, sailplanes, free balloons, models and mechanic apprentice competitions are 
in extenso dealt with. Twenty-three firms are mentioned as manufacturers of cero. 
planes, five firms are producing only sailplanes, and thirteen firms aero engines, 
As indicative for the size of the present German aircraft industry it may be worth. 
while mentioning that for the official periodical workman paper edited especially 
for the aircraft industry an edition of not less than 340,000 copies is stated, 


GG. KRAENZLEIN AND R. Lepsius: KUNSTSTOFF-WEGWEISER DURCH pu 
KUNSTSTOFF-AUSSTELLUNG 1937, FRANKFURT A MAIN.’ 
Published by Verlag Chemie G.m.b.H., Berlin. 137 pages. Price RM.1 

This small guide through an important exhibition dealing with artificial resins 
and related synthetic materials is not only of value for this *‘ Achema ”’ exhibition 
of 1937, but should be of special interest for those desiring condensed information 
about these various materials. For reasons of self-sufficiency the development and 
use of materials produced from home-‘* grown "’ products like coal, wood, casein, 
lime, water, nitrogen, oxygen, etc., is especially promoted in Germany, and it is 
interesting to realise how far this aim has been achieved. A considerable number 
of these new synthetic materials have become of direct value for the aircraft 
industry as constructional, protecting and transparent materials. Parts pressed 
out of bakelite and related thermoplastics are well in evidence, glass is replaced 
by special kinds of transparent plastics, wood is improved by synthetic materials, 
artificial rubber brands show certain advantages, etc. As glues superior to casein 
glue are mentioned: Kaurit, a carbamid resin, tego folie and globulin which seems 
to be not yet known over here. Some foam plastics are mentioned for the isolation 
against noise and the protection against cold. 

A summary gives names and peculiarities of about 103 German. materials of 
synthetic origin, most of which were already known before 1933. 


AIRCRAFT OF THE BrITISH EMPIRE. 


By Leonard Bridgeman. Sampson, Low, Marston and Co., Ltd. 1937 
5/- net. 

This is the third edition of one of the best reference books of its type on the 
market at the very reasonable price of five shillings. Mr. Leonard Bridgeman 
is the joint editor of that bigger brother of the present work, ‘* All the World’s 
Aireraft.’” ** Aircraft of the British Empire ’’ contains details of 95 aircraft, 
illustrated with 83 photographs and 75 general arrangement drawings. The 
information is brief and very much to the point, containing everything ‘normally 
that the first inquiry warrants, from the name of the makers to the general type 
of construction, dimensions, power plant, weights and performance. The work 
is up-to-date enough to include such ‘i hines as the Hafner Gyroplane AR. III, 
Mk. I, in flight, and most of the latest R.A.F. types. Produced in a handy 
form ** Aircraft of the British Empire *’ can be thoroughly recommended as an 
addition to any library of reference. 


Famous AIRCRAFT. 


H. Coble and A. R. Payne. W. and R. Chambers, Ltd. 1937. 6/- net. 

The chief object of fis book, which will appeal more to the younger generation 
than the old at Christmas time, is to describe briefly some famous aeroplanes and 
the flights they made. It is illustrated largely with line drawings of aircraft, 
which begin with the W right machine of 1903 and ends with the Mayo Composite 
aircraft. In between appear nearly every aeroplane or airship which om make 
any claim to fame, the Avro Triplane, the Sopwith Triplane, Vickers’. Viking, 
Spirit of St. Louis, the Southern Cross, Jason, the Schneider. ‘Trophy SB the 
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Westland Wallace, Maxim Gorky, the Empire flying boats, Fairey long range 
machine, Hawker Hurricane, and many others. 

As a popular book for boys, leading them on to read further more detailed 
accounts of famous pioneering flights and aircraft, this book should have a wide 


appeal. 


PeTrRoL-ENGINED MopEL AEROPLANES. 
C. E. Bowden. 93 illust. Percival Marshall and-Co., Ltd. 1937. 3/6 net. 

There is a rapidly increasing demand for petrol-engined model aircraft and 
few model-flying enthusiasts remain content for long with rubber-driven models. 
The difficulty has been, until fairly recent years, to obtain a midget petrol engine 
of sufficiently small weight and great enough reliability. Muc h. of the progress 
in petrol-engined models has been due to the pioneering work of the author of 
this book, who formed his first model aircraft club in 1913, and now holds. the 
power model record. How Henson and Stringfellow would have envied the 
modern power-driven model! And how much more would they have been 
delighted to see the advance in materials since that amazing. pioneering effort 
in 1848 which was an outstanding event in the history of aviation. 

Engines varying from 2.4 c.c., weighing 40z., up to 30 ¢.c., weighing ro$lbs., 
are available for aeroplane model designers, With such a variety of power 
a great variety of aircraft can be built, from the fast flying comet to an autogiro. 

Captain. Bowden’s book is the result of many years’ practical experience of 
designing, building and flying his own models, and contains a mass of detailed 
information on the construction and flying of models taken from his experience. 
This is an excellent and indeed practically an indispensable book to all those 
interested in engine-driven models. 


Tue FINE STRUCTURE OF MATTER. 
By C. H. Douglas Clark, D.Sc. Published by Chapman and Hall. 
Price 15/-. 

This book is the first volume of a comprehensive treatise dealing with the 
ulttmate structure of matter, and it discusses particularly the bearing of recent 
work on crystal structure. The first chapter deals with X-rays and the structure 
6f matter and with the conception of the spare lattice. After this introductory 
matter the author discusses the crystal structure of elements and then proceeds 
to deal with inorganic compounds of increasing complexity. This is followed 
by further chapters on organic compounds, colloids and amorphous substances 
and there is an excellent chapter on the structure of alloys aid intermet tallic 
compounds. — It is this chapter which possesses particular interest to the engineer, 
for it is in the development of this research that there lies the future materials 
of engine ering. 

The book is completed by a final chapter on smeiocilate constitution. Taken 
as a whole it is an admirable presentation of the present state of knowledge on 
its subject. There is a very copious bibliography. 


THERMODYNAMIC PROPERTIES OF STEAM. 
By Joseph H. Keenan and Frederick G. Keyes. Published by John Wiley 
and Sons, Inc. Price 13/6. 

This book deals solely with the properties of water in its various phases and 
consists largely of tables in which these properties are given, There is an 
introductory chapter in which such matters as temperature scales are discussed 
theoretically. As an indication of the direction in which steam engineering is 
progressing it is of interest to note that the tables dealing with the temperature 
and pressure of steam are carried to 1,600°F. and 5,500lb. per sq. inch, but the 
authors suggest that these figures should be sufficient for some time to come. 
The information given is well arranged and the type used is particularly clear, 
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the general quality of the printing being unusually good. It is beyond doubt a 
most useful reference book to those who are interested in its subject matter. 


Dr. Pavut Der MENSCH FLIEGT. GESCHICHTE UND TECHNIK pkg 
FLIEGENS. (“Man History AND ENGINEERING oF 
AVIATION.’’) 

Published by Verlag Ullstein, Berlin. 383 pages, 177 figures and 32 
photographic tables. Price 7.80 RM. 

This German book deserves a special mention because it seems to be an excellent 
popular work on flying. Books of this kind usually suffer either from authors 
who are able to write, but who are not sufficiently familiar with technical subjects, 
or from authors who are familiar with all things they describe, but who are unable 
to explain subjects of science or engineering in such a fascinating and understand- 
able manner that really everyone will remain interested in reading from the first 
to the last page. Karlson’s book is a rare exemption indeed. Additional value to 
the book is given by the very original illustrations. 

The first part deals with the history of the aeroplane up to about 1908. The 
work done by Leonardo da Vinci, Cayley, Degen, Henson, Stringfellow, Pénaud, 
Lilienthal, etc., up to the Wright Brothers is explained in full. The author calls 
special attention to characteristic differences in the manner of thought of these 
pioneers. That is really very instructing. Seen from the view of a critic it would 
seem to us that the work of Ader and Maxim is slightly underrated, and it seems 
a pity that Montgomery—one of the many fathers of wing warping—Mouillard, 
Pilcher and Ellehammer are not mentioned at all. It is unfortunate that pioneers 
like Ferber, Blériot, Voisin, Levavasseur, etc., are only just mentioned. At least 
Levavasseur would have deserved to be described as one of the best brains 
engineering aviation ever had. 

The second part is devoted to theory. It is astonishing to realise in this book 
how abstract theory of the aeroplane can be dealt with in an exact but nearly 
poetically metaphorical manner of explanation. No scientist should be able to 
discover any slip in the author's explanations of Bernouilli’s law, conception of lift 
and drag, circulation, potential flow, induced drag, behaviour of the boundary 
layer (assisted by excellent photographs of streamlines), stalling, airscrew theory, 
stability problems, fundamentals of soaring flight, etc., and anyone who has never 
seen an aeroplane will be able to understand. In some respect this part compares 
with Horatio Barber’s classic book, ‘‘ The Aeroplane Speaks,’’ but the present 
book is up to date, including, as it does, the latest N.A.C.A. reports. 

The third part deals with the practical side of flying. The author talks about 
engines, their systems, discusses cooling by air, water and steam, modern cowlings 
with regulated air flow, slots, flaps, the noise problem, blind flying, air transport, 
special aircraft like autogiros, helicopters, muscle power flight, ete. A glossary 
contains a short explanation of all essential aeronautical terms. 
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